’ . 0-3/8-08 685 -7
i ot duCanaas O
Canadian Theses Division (Division des thbsosw\adlenn‘e; . .
Ottawa, Canada |

KIAON4 5‘550

.

PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

! K Please print or type — Ecrirg en lettres moulées ou dactylographier : \

" Full Name of Author — Nom complet de I'auteur

Corros Maxweee Mowrear Sepvcvers I

Date of Birth — Date de naissance Country of Birth — Lieu de naissance
De. 6 /050 T CHILE

Permanent Address — Résidence fixe,”

38, uzvfs‘?-.ot. Ez//uoulérz

r;‘z 2Z3

)

Title of Thesis — Tctre de la thése‘

ﬂMWo/M@MW@””

Umversnty — Université

Degree for which thesis was presented — Grade pour lequet cette thése fut présentée o

M. 5. - | L

Year this degree conferred — Année d'obtention de ce grade Name of Supervisor — Nom du dire‘y’eur,de'thése
1481 o Marvias AyBors
, . — — o *
Permission is ‘hereby granted to the NATIONAL LIBRARY OF L'autorisation est, par la présente, accordée a la BIBLIOTHE-
CANADA tO‘omlCl'Ofllm.,thls thesis and to lend or sell copies of QUE NATIONALE DU CANADA de microfilmer cette thése et de
the film. =", , préter.ou de vendre des exemplaires du film.
3 M ]
| _.The author rgserves other publication rights, and neither the L'auteur se réserve les autres droits de publication; ni ta thése
the(ig noc éxtensive extracts from it may be printed or other- ni de longs extraits de celle-ci ne doivent étre imprimés ou
wise reproduced wlthout the author's written permission. . autrement reproduits sans I'autorisation écrite de 'auteur.
Loy s - ‘
Date ' C L. Signature
w ~ f
”&2_ 7 /18/) - // 4nm4//
‘ .
NE-91 (4/77)

A SEm— -
. T i

B




. * National Library of Canada " Bibliothéque
Coliections Dcvclopmom Bnneh

natbnale du Canada
Direction du développement des collections

Canadsn Theses on  Service des théses canadiennes h
Microfiche Service , ~ sur microfiche
\
- . . / N
NOTICE - AVIS

-

The quality of this microfiche is heavily dependent
upon the quality of the original thesis submitted for
microfilming. Every effort has beén made to ensure
the highest qualuty of reproduction posslble

If pages. are ‘missing, contact thc Un"""Slty whnch

) granted the degree.

Some pages may have indistinct "|nf especially
if the ongmal pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

-

Prewousiy copyrighted materlals (journal articles,
published tests, etc. } are not filmed.

" Reproduction in 'ful_ll"or in part of this‘ film is gov-
erned by the Canadian Copyright Act, R.S.C. 1970,
¢. C-30. Please read the authonzatuon forms which

accompany this thesns )
1E

¢ [

/

~ -
THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

" Ottawa, Canada
K1AON4

La qualité de cette microfiche dépend grandement de
la qualité de la thése soumise au microfilmage. Nous
avons tout fait podr assurer une qualité supérleure
de feproduction.

S‘il manque des pages, veuillez communiquer
avec |'université qui a conféré le grade.

~ La qualité d'impres#ion .de certaines pages peut
laisser & désirer, surtout si les pages originales ont été
dactylographiées 3 I'aide d’un ruban usé ou si l'univer-

sité nous 8 fait parvenir une photocopie de mauvaise

qualité

Les documents qui font déja I'objet d’'un dront
d’auteur (articles de revue, examens publiés, etc.) ne

sont pas microfilmeés.

La reproduction, méme partielle, de ce mccrofilm
est soumise a la Loi canadienne sur le droit d’auteur,
SRC 1970, c. C-30. Veuillez prendre connaissance des

formules d’autorisation qui accompagnent cette thése.

2.
LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L'’AVONS RECUE

o

NL-339 (Rev:8/8D)

PECF o SO D " TS e ‘,—Ax".{:.",w.'mmﬁiéw e ety v -

]




THE UNIVERSITY OF ALBERTA . [

Nest Placement of Nitrqgen‘Eertilizers
by | » | ' .

: SR é{?(:::)Carlos Maxwell Monreal Sepulveda

»

. _ o . A THESIS ’ e
' EUBMITTED 10 THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE ]
OF Master of Science |

Soil Fertility

Soil Science

A ~ ‘EDMONTON, ALBERTA
| 1981 | | '




THE.UNIVERSITY OF ALBERTA
FACULTY OF GRADUATE STUDIES AND RESEARCH

>

The underéigned certify that’they have read, and.'
'recommend to the Faculty of Graduate Studies andARésearch,
for acceptance, é thésis entitled Nest Placement ofJNitrogen
Fertilizers submitited by Carlos Maxwé]l Monreal Sepulveda in
partial fU]filmenéiof the requ1rements for the degree of |

Master of ‘Science in Soil Fert111ty

!

’ . e

Superv1sor '




. | To My Parents

Hugo and Teresa ‘
r 4

Ellos se‘deCIanaPoh,patniotaff
Eh Jos clubes se condecoraron

y fueron gscribiéndo la historia.
Los parlamentos se IJénarog

de pompa, se repartienon A | ' {

‘despUes la tierra, la ley

las mejores calles, ‘el ‘aire,

~

la Universidad, los zapatos.

<

, Pablo Neﬁuda. o |

(Fragments of "Canto General")

g

76 Marcia and Gilda




"and explain the field results.

ABSTRACT
. The present study was carried out to determine the~
effectiveness of N fertilizers placed in nests as a

practical means to reduce N losses from fall applied N ,

‘fertilizers. With the same objective, several N‘fertilizens i
~ were applied.at different times during the fall. Laboratory

-~ incubations of soil samples were carried out to help confirm

L
L} . [
.

& The results of field experiments at three locations

showed that ﬁihera1ization of sbil organic matter occurred

throughout the winter and, as a consequence, soils

accumulated between 54 and 125 kg N/ha of mineral nitrogen
- before the spring thaw. An average 5f 41% of the mineralized

'5011 N was lost during the spring thaw.

Forty-three peﬁsent of the urea-N applied in early fa11~
and mixed into the soil.was lost over the winter from the
soil, but only about 15% wasllost when the urea was placed

in'nests The bulk of these losses -occurred at the beg1nn1ng

of spr1ng after thaw1ng Over - w1nter losses of urea- N were’

associated wpth Tower y1eld response§5&o fert111zers added
in the fall.

Thirty-ejght percent of the urea-N applied in fallfahd
mixed into the soil was nitrifjed-by,ihe first week of
March however, ohly 3% of the'urea-N adplfed'ih fall and
placed in nests, had been n1tr1f1ed by the first weeK of
March. Incubat1on stud1es of soil samples corroborated these

. ’ P d
resulte. When urea was placed in nests,(1ts hydrolysis rate

LY
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was retarded and the growth of the nitrifying population,
espec1ally thnobacter Sp., was inhibited.

] It has - been concluded that by slow1ng n1tr1f1catlon of
nitrogen fert1l1zers applied in fall, the nest placement
techntque reduced overw1nter N losses, resulting in higher
yield and N uptake by barley. '

Nest placement of N fertilizers appears'to be a

promigjng fertilization practice. in western Canada. and

"possibly in other places'Of the world. 1t may be an

in fall,

alternative to.the use of chemical inhibitors td reduce N

losses and to'increase yield and quality of crops fentilized ‘ \

The effect produced by different. times of N

fertilization during fall was of little importance relative

to placing the N fertilizers in nests.

A —
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1. INTRODUCTION
_ In the Prairie Provinces, fall application of N
fertilizers has become an increasingly popular practice, and
‘\

almost a quarter of the N fertilization is done by this

"time. Research conducted in A]berta, Saskatchewan and

| Manltoba in the last decade, has . shown. that. Fall app11ed N

is often inferior' (based on crop yield and N uptaKe)

compared to spring applled N

N1trogen losses. from the soil, occhir ma1n1y through T

leaching, runoff den1tr1f1cat1on and volat1l1zat1on Losses

\

in Alberta appear to be mostly through den1tr1chat1on
Severa] approaches have been uSed to minimize these
losses. Fertilization pract1ces such ‘as split applications,

‘ fl : . .' 4 L .
band placement dnd different times of fertilizer application

'have‘beenutried. Also chemical. inhibitors of nitrification

and N sources of low solubility such.as.coated N fertilizers

have. been tested.-HoWever, the use of these compounds may be
costTy to the farmer. | | |
Other pract1ces, such as those Used in paddy soils,
1nc1ude the app11cat1on of concentrated N fertilizer formed
into mud’balls thaq‘are placed in the redUced layers of the ;

soil. Fert111zat1on pract1ce w1th forests 1nvo]ve pellets

.of urea wh1ch are much Iarger than those found in

conventional urea used for fert§l1zers. Apparent]y, in pants
of Africa and India, -for corn or for other htlled'crops.'
each h;l] recieves one "nest" of fertilizer. The nest is
achieved by forming a neat yertical hote,_and the fertilizer

. oy
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(we1gh1ng several grams) 1s .poured in the hole

On the Canad1an northern Prairie Prov1nces, “losses with.
‘fall applied N are substantial, ‘with fall appllcat1on often
_ reduced to two th1rds ofc&hd'eff1c1ency with the spring
application, (effwc1ency mean1ng§the amount of increase in
crop yield or crop uptake of N). However, the different
”approaches to reduce losses of fall applied N have not,been
thoroughly etudied in the Prairie Provinces.

The present investigation had the folfowing objectives:

1. To test‘the hypdthesis that nest p]acement of fall

applied N will reduce losses of mineral N and consequently

(-]

enhance the eff1c1ency of fall appl1ed N-fértilizers at
three places of central Alberta. |
2. To test the hypothes1s that time of appl1cat1on and type

of N fert1l1zer wou'ld 1nf1uence the eff1c1ency of fall

applled N 7 ‘ - SRR | ]
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2. LITERATURE REVIEW
i ’

LEA

2.1 Nitrogen losses from soil.

Losses of soil N and fertilizer N have been detected in
some areas of western Canada (Malhi, 1978). Net N losses
have been shown to occur from the nativevorgénic pool after

‘2nsive croppiﬁg and poor soil management (Rennie et al.,

1976). Also N fertilizefs'heve been reported to be less

| eff1c1ent when applied in the fall than in spr1ng (Malh1,

1978)

Newton et al. (1945), deiermined losses ofbcaﬁbon and

‘nitrogen at e1ghty five 1ocat1ons across the prairies by

comparing paired virgin and cu1t1veted soils. They reported

that after 22 years of croeping, tﬁe Black, Dark Brown and
Brown soilsthad lost, on the average, 20% of the carbon and.
18% of ape n1trogen from the top 15 ¢m of soil; losses of C
and N were about 30% from Gray soils. At some locations, =
they were as high as 50%, while at others 'there were
apearent'gaipe. Losses from the 15‘-;30 cm segment‘Were
Eeiative1y .small. From an agronohic dpint'of view, it is:
1mportant to analyze the extent to whlch d1fferent

.1’

mechan1sms affect losses of N from so1ls (espec1al]y those

occurr1ng in the Prairie Prov1nces) and also to suggest

dract1cal tools to ‘overcome or minimize these losses.
Nitrogen is subJect to continual non-harvest loss in_
soil, through processes siuch as leaching, eresion,_fiXatioh,“

immobi 1 ization, ‘volatilization and denitrification, which




constitute a’ ser1ous wastage of vital soil and fert111zer N
(Hausenbu111er. 197?). | S '
/ :

2.1.1 Erqaion

Erosion is especially serious because it carries away
organic matter that is a major.source of soil N and other
nutrients, causing a decline in both the quality and
quantity of vegetation. Fﬁrthermore, runaff and erosion
debris from grazing 1ands have'increasedvthe destructiveness
of f}ooda and addéd‘td sil}ing problems of resecyoirs'and
irbigation works . Also, fhis bﬁoblem plagues’those areas

v

lacK1ng a protective plant cover and where the prec1p1tat1on

-
5

is intense and w1nds are high (Stall1ngs, 1957). .
. Wind erosyon is probably/the greatest prggJem in

weatern Canada. Some soil removal, particularly on
summerfallow, takes p]ace throughout the yearl1n much of. the .
southern prairies (Johnson and Hennig, 1976). “"Loss of top

. s0il by wind and waﬁ;r eroéion has been part{cularly serious.
in the ‘medium and light textured soils.and could account for
a s1gn1f1cant portion of theW40 million tons of N |
mineralized from the Chernozemic soils in western Canada'
duaing a‘22 year peFiOd" (Renhfe et al., 1976).. Q"
2.1.2 Leaching

ﬂ Leaéhing’loséés Of N invoJVe nitrates fbr the mosf.part
.and are common where excess water percolates through the

so11 (All1son 1955). Nitrate dlstrlbutlon and leaching-have

s, H

- 4 ;'
: [l o/ S
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. been méthematically interpreted, based on ion convection

phenomena (Gardner, 1965).
Fall application of nitrogen for crops to be plantedf

the next spring offers considerable potential for leaching

loss,”especially in humid areas. Percolation losses are

" generally greatest in the sprlng prior to rapid growth

(Nelson and Uhland _1955). Land use practices in western
Canada which 1nvolve»substential acreages of summerfallow
have resulted in much deeper penetration of‘precipitation
than was possible prior to‘cultjvation (Rennie et af.,
19%6). Mychalyna 61959).-in Manitoba, found up to 225 Kg of
nitrate-N/ha between 1.2 end 1.8 m depth in-plots in a
crop-fallow rotat1on The amdunt of nitrate-N in the subsoil
decreased as the frequency of fa]low in the crop rotation

decreased.

A

High concentraflons of n1trate N have been found below

the rooting depth of crops on the Un1vers1ty of SasKatchewan

-iGoodale farm; the total nitrate-N to a depth of 4 m averaged

approxlmately 500 kg N/ha A two yé%r rotat1on of
fallow-wheat was followed on these .loam soils for a period

of epout,4d yeehs'(Rennie et al., 18976). It is unkhnown how

‘,mUCh'nitnogen resides presently below thH# 3 to 4 m depth in
=SaskatcheWan, however, Meneley {1976), wd%king in the Moose

pdaw area, suggests that it-is probably safe to assume that -

—
substant1a1 amounts of nitrate-N will. be found at greater

depths He suggisted that crop removal and leach1ng losses

"together may account for approx;mately 50% of the N released

I3




from the soil organic matter in Saskatchewan. However,
Field-Ridley (1975), applying 550 kg N/ha ,as ammonium
sulfate and urea to a loath and a clay soil, found that

movement of nitrate-N below the zone was negligible over a

two year period;

Matlhi (1978), showed that leach?ng lpsses of N in
north-central Alberta were of little s1gn1f1cance during and
atter early spr1ng thaw, when large 1osses of mwneral N
occur. -

»

Since cultivation, Canadian prairie soils have

. mineralized from the organic :;f;:approxihately 85 million
1476 Approximate1y‘3o%"of this

tonnes of N (Rennie et al.,
n1trogen was removed by the gra;n of the var1ous crops
grown, and perhaps 20% has been 1eached below the rooting
depthlof annuaq/zrops. Leachlpg:losses have probably been
greater in Saskatchewan than in either Alberta or Manitoba,
a direct ref]ection‘of the high - trequency of. summerfallow
that has been prevalent in the former province for severa1‘
decades (Rennie et al., 1976) ‘

Rldley and Hedlin (1968), found that frequentp
summerfallow1ng resulted in the greatest decline in orgapic
matter and total N. In my opinion, soils prov1ded-w1th

opt1mum N fert1]1zer prabtiCes can be expected to remafn'

~with their N content refatively’constant. However, tf‘_

. present land use practices continue (summerfallow), the

nitrogen content of soils will continue to decline (personal

communication) .

Ak R A1 a4 < = ane 8 o aan
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‘Brunswick had low ammonium fixing capacities.

- soil near . Ottawa determined that the soil clays fixed 34 to

60% of the 150 kg NH /ha fertilizer 1mned1ately supon.

2.1.3 Ammonium and‘ammdnia.fixation

Both the inorgantc and organie soit fractions Have the
ability to fix ammonja and ammoniuh in forms refatiwely
unavailable to higher plants or even'microorganisms (Brady, o A
1974; Nyborg, 1969). The mechanism of'ammonium fixation by’ |
soil colloids is§ s1m11ar to that of potassium fixation.

,(

Ammonlum 1Qns ﬁeplqce 1nter1ayer cat1ons in the expanded

-~

lattices of clays mlnerals such as Vermwcu11te, T1lite and

" MontmorilTonite. (Walsh*dnd Murdock. 1960).

- Jahn (1971) reported that a wide ?ahge of cultivated
soils in the Dark Brown, Black and Gray Wooded sowl zones in

central and nbrthern Alberta, had very low capac1t1es to f1x

- added ammon1um (less than 7% on the average) and only

rarely did’ th1s .capacity exceed 100 ppm of NH ‘(about 32% on

tha average) deden et al. (1978), study1ng the ammon i um

fixation capacity»ofveastern Canada soils, found in generali -
that the amount of fixed ammonium was re]ated to the content

and type of clay, and th1s capac1ty increased down the . ' :
profile. The amounts - f1xed.ranged from 12 to 450 ug of fixed

nattve NH -N/g soil. The capacity to fix added ammonium was

usually low in the sandy.soils. Cultivated soils of New

Kowalenko and Cameron (1978), using N1s in a clay loam

appllcat1on However 71 to 96 % of the fixed ammonium _ ;

L]

became ava1lab1e to barley dur1ng the growing season.




~The fixation of ammonia is-linearly correlated with the
- percentage of carbon iﬁ the;organ?c matter and the mechanism
is not completely understood, although it is suggested that
‘hydroxyl groups of the organic matter may be the sites of
the react1on with the added ammonia (Burge and Broadbent
1961) Soil humus and forest litter f1xed 2 to 7% N by
“weight from aqueous amﬁonia (Mattson and Koutler-Anderson,
‘1943) and organic soils fixed an average of 160 meq gaseous . .
ammonia. per 100 g of C content (Burge and Broadbent, 1961).
Nyborg (1968), reported that organic soils of Quebec
fixed from 39 to 190 meq ammonia per 100 g, while mineral
| soilsfbf Ale;;ta and Saskatchewan fixed 2.5 and 8.5 heq,
respeetiVely. The organic matter in air dried soils did not
‘fix;gaseous NHsvfrom.light applications that gave ]§ttle
increase in soil pH. . » )
_2.1€ﬁgIﬁterna1 N,cycling
’-Ffom an agronomic point of view, the balance between
mineralization and immobilization of N'in soils controls the
supp]y.of‘availab1e N and other nutrients_.to crops.'NitEogen-
is the most important element ih}seil orgenfé matter, when
considered from‘the economic standpoint (Aliisone 1973).
Mineralization and immobi lization (turnover of N,
proceed s1multaneously..and in oppos1t1on<ﬂn soils
_(Campbell, 1978). Because microbiological immobilization is.
determined by the Utilization of nutrient elements for cell

synthesis, the magnitude of immobilization {s propor tional



to the.net buantity of microbial tissue formed and is
related to cafbon aesimilation by a factor gerrned by the -
1 A }N. C/P, C/K or C/S ratio of the newly generated protoplasm
(Alexander, 1977). The above ratios vary with growth rate,
'\\szubstrate supply and environmental conditions (McGilt et

al., 1981) Iritani and Arnold.(1960) found that N
m1neral1zat1on equals N 1mmob111zat1on during decompos1tton
of residues having a C/N ratio of about 22 and about 2% N;
larger or smaller ratios are associated with net
jmhobilization and net mineralization, respectiyely. These
values are obviously not constant and depend on<several
factors, including temperature and time allowed for
turnover, the suoply and Kind of mineral N in the soil, the
-amount and compoSition of'the~organic substré%es (Campbell,
t1978). aeration, moisture content "and pH (Harmsen end Van
Schreven 1955 Harmsen and Kolenbrander, 1865). .

| M1neral1zat1on is very slow near the freezing point
"because of restr1cted m1crob1el activity. Ammon1f1cat1on
cohtinues over a considerable range of temperatures above 35
C, but n1tr1f1cat1on ceases at 45 C (Harmsen and
““"Ko7enbrander, 1965) Below the optimum temperature, which

| varies between 20 and 45 C depénding upon climate (Melhi and

McGill, 1981), nitrification decreases gradually following

an asymptotic curve and practically ceases near ‘the freezing-

point . (Sabey et ai 1956).. However, comparat1ve]y v1gorous
‘ n1tr1f10atlon at temperatures near the freezing point was

reported by Tyler et al. (1959). Ammonification continues




beiow 0 C (Tret'yakova, 1977). Malhi and McGill (1981),
reported nitrification of ammonium sulfate, (0.02 ug N g~
d-'), in three soils of Alberta that were incubated at -4 C. -
Malhi (1978) and Malhi and Nyborg 11979b), detected a net
mineralization of the native soil organic matter and nitrate

. accumulation from fall applied urea during winter in frozen

9-\ ~ ‘.

soils of Alberta. Co o

o

A combination of soil moistﬁre. 50 > 70%, and a
temperature of ngut 2.C, was most favorable for the
development of the érincipal groups of aeFopic

'rmierorganisms and accumulation of enzymes énd certain
vitamins in podzolized cﬁérnozem of the Cis-Urals Region
(Khaziev, 1977). “

o

In an expebiment with N'S  about one fgfth of the N wés

immobilized during winter from fai) appli?d KNOs, urea/and

-'iNH‘)zsb‘f'The rate qf mineralization was“appro§ihétel§
equal to the rate of immobilization»}Ma]hi. 1978) .
Immobilizdtion of fall applied fertilizer N, and its -
subsequent remineralization, maylprovide little N to the
firsQ’Crop. However, fertilizer N immobilized and its rate®
of re-mineralization bver the years is impoftant in

determining long term effects on soil receiving repeated

fall applications of N (Nyborg and Leitchy 1979).

a ~ A

2.1.5 Gaseous N losses - | .

2.1.5.1 Volatilization of N as ammonia

b
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- : . \
Ammonia volatilization losses can occur -from soil

surfaces when ammonia is apdlied as fertilizer or {s formed
near the surface; and when the adsorption capacity of the .
5011 is not sufficiently large to hold the ammonia (Harmsen
and Kolenbrander. '1965). Free ammonia escapes -when ammonium
salts react in alkaline aqueous media QJ1sda1e and Nelson,
1975) IF fert1llzer salts conta1n1ng ammonium-N .are placed
on the surface of alkal1ne sowls, free -ammonia is Iost |
- (Carter and Allison, 1961; McGill, 1971). These losses are
aggravated by high soil temperatures and rapid evaporation
of water..They-can be prevented by placing the N materials
several céntimeters under the soil surfacé (Rennie et al.,
1976; Tisdale and Nelson, 1375). N .
‘A, Losses of ammonia fndm urea adp]iedfto-so:l-surfacés,
take place regardless of 'soil pH. Similar losses can be
obta1ned from appl1cat1ons of ammoniacal compounds that are
sources of fertilizer N. For example, anbydrous ammonia may
be lost to the atmos phere during and §£@Er application.
Factors assoc1ated with this Ioss are the physical
é;,cond1t1ons of soil during application, soil texture, soil .
moisture, depth and spaCing of placement (McDowel] and |
Smith, 1958) . These gaseous ammonia losses are of un1versal

occurrence (Aggarwal and Kaul, 1978; Connell et al., 1979;

Heber et al., 1979). e

2.1.5.2‘Denitnjfication losses

-
~
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~The reduct1on bf oxidized forms of N with' the
production of N gas (N ) or some of the vo}at11e ox1des of‘
nitrogen, may be a mechan1sm of conS\derable 1mportance to j
deplete part of the soil N and fert144:er N reserve. The
seduence of steps involved-in the reduction of NO to )
n1trogen gases is Known as denitrification (Camdbe]l and
Lees . 1967) . Only assmall number of facultat1ve anaerob1c
bacteria can bring geodt den1tr1f1pat1on. he active species
are largely limited to the genera Pseqdomohas,
Achromobacter, Bacillus end.Mi¢nococcus§, although
‘Thiobacillus denitr.i icans and an occasional
Chromobacter ium, Mycoplana Senratra or:- V:bmo species will
catalyze the reaction (Ale»ander 1977) N h D .

Denitrificatien'rates have been thought;to be
independept of NO3 concentration (zero order Kinetics) over
a fairly wide range from 40 to 500 ppm NO -N (Broadbent,
1951; -Cooper and Smith, 1963). However, Bowman and Focht

: -
(1974), found denitrification rates to be :

'substrate dependent at lower concentratwons approx1mat1ng a 7
f1rst order reaction, and gradually d1m1n1sh1ng at higher
concentration (1000 ug NO -N/ml) to become a zero order

. 4 3 .

reaction.
|

Under low dxygen tension nitrate ‘is used as an

.

alternate electron acceptor in place of oxygen (Campbell and -
' Lees, 1967) ‘Factors such as temperature supply of ‘ -
ava11able carbon andij are all important to the 'rate of
~denitrificetion (Smid and Beauchamp, 1976; Burfordfand

<

2
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Bremner, 1975; Nommik, 1956). In the denitrification

process, nitrate is reduced first to nitrite, wfick is

2

transformed to some unknown nitrogenous ‘inter ed1ate - The
latter is probably convert;d to N with N O as 1ntermed1ate
but N alternat1vely may belformed by a pathway‘not
1nvolv1ng N O Nitric 0x1de may be 1mpl1cated as well ’
(Alexander, 1977  Campbe 11 and Lees, 1967) Some of the ;
actual enzymatic mechan1sms 1nvolved in th1s process are now
reasonably well understood (Fewson and N1cholas, 1961)
Abundant references ;;1st in. the l1terature descr1b1ng ' j

[e

.den1tr1f1cat1on losses in studies conducted w1th f1eld

::;
exper1meﬁ%s Doughty et al. (1954) 1n a study carr1ed out
from 1939 to 1950 to determlne the loss of organic matter

and n1trogen result1ng from the breaklng of native sod,

.reported losses of as much as 30% of the 1n1t1al N oveéer a

period of eleven years, They emphas1zed that plant uptake - ” t
could not account for all’ the N lost. They concluded that “ 5
b some of the N had been n1tr1f1ed and the n1trates leached o

'beyond the root zone. However, they@assumed that most of the .

N wh1ch had . not been accounted for had been lost through

'den1tr1f1catton

. Campbe 11 et_al. (1975), concluded that more than 70% of

. ) v -
the total N which’was apparently mineralized in 35 years,’

could notrbe.accounted for as grain and. only 5% of'the
m1nerallzed N was still present in the prof1le as NO -N.

. 3
Doughty et al.. (1954), set up controlled stud1es in the

| greenhouse where so1ls were watered per10d1cally to bring .
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the séilwtbffie]d capacity.‘With hojpossibi]ity of leaching
or plani‘uptake, any lossés were assuméd to- be due'ﬁo
denithif%cation. After five years, soils were air dried and
ana]yzéd fgn total C ahd total N. It wdé foond that soilé
lost about 18 to 24% of the C, with the virgin soils losing
more than @hé‘oobrespohding cultivated soils.‘Thé 1osses'ofv
-nitrogen.under greenhouse conditions}weré muchzlower-thén
found under field conditions Forfequiyalent‘périods (5 to 9%
over'five years). Leaching and subsequent’denitrification of
n1trate N has been shown to occur in a sandy 1acustr1ne soil
on wh1ch catt]e had been conf1ned (Partr1dge and R1d1ey,
1974) F1e]d R1d1ey (1975) found large losses\of n1trogen.
whoh 550 kg N/ha were app11ed to field p]ots on a Red River
c1éy soil. No 1each1ng of nitrates was detected andllosses-
were attributed to both immobilization and denitrification.
_In Alberta, losses from sofl'N and fertilizer N have .
beon reported to occur'at the beginning of springAwhen the
soil is comoieteiy saturated (Nyborg and Leitch,:1979;
Ma]hi, 1978). The 1attér. usihg ferti]izér N15, found that N

losses in early sprwng are almost exclusively through

. _den1tr1f1cat1on and that n1trate based fert111zers app11ed
-in fall.were less efficient than ammon i um- based fertilizers

"appliéd‘in fall In his study, 39.3% of the Ca(NO ) app11ed

1n the fall was 1ost through den1tr1il9at1on as compared to

129.1%. loss of N from urea and 16.1% loss of N from (NH') SO
o L a2 a

-
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Nitrogen fertilizers applied in the fall in Mani toba
and ib northern and central Alberta have been consistently
inferior to sbrihg abplied N'fertilizers (Ridfey, 1975; | }@
}Nyborg and Leitch, 1979). R

~Although this short review shows fbat N losses in
“western Canada qpcur tbroUgh most of the bbeviously
‘described mechanismsf denitrification would seem to be the
'_maih process. causing loss of seilland fertilizer N from
soi]s of Alberta. It is possible to establish proper sof]
vand fertilization praCtices to control and marntain the

level of soil N in the 10ng run.

2.2 Control1fﬁg.denitrificatieh'losses ;ioﬁwsoi1n
Sineeealmost 25% of the N fertilization in A]bertafis
' made.during-fall and 30% or.mOre:of tbe,fertilizer N mixed
into the soil isQlost (Nyborg_et al., 1977), it is.importaﬁt
to enhancetthe efficienCy of fall app]ied-N'ﬁertilizers by
developing and adapt1ng new techn1ques to Qwercome/or
minimize den1tr1f1cat10n losses produced frem saturated
'so1ls in early spr1ng The subsequent rev1ew deals with the

\
actual techn1ques be1ng used today in agr1cu1ture to maKe

: the use of fert111zer N more eff1c1ent

2.2.1 Use of chemical inhibifors'

: There have been several 1ntens1ve surveys des1gned to

f1nd non- phytotox1c chem1cals which would, by selectlvely
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inhibiting the nitrifying bacteria, diminish nitrogen losses

following fertilization; i.e., Chemtcals.which wodld,Keep

the element in a reduced form for longer periods than could,

be expected under usual f1e]d cond1t1ons gAlexander 1977) .

A similar approach to th1s prob}em was advocated by Goring

.(1962) He beiieved that it was des1rable to 1nh1b1t or

eliminate the phenomenon of . nftr1f1cat1on altogether ’

The use of 1nh1b1tors with NH based fert111zers may
4

reduce the’ loss of fert111zer N by }each1ng‘(Wagner and

Smtth, 1958) and by dehitriftcation (Parker, 1972; Reddy and"r

Prasad, 1975). Slowing nitrification of NH based

fert111zers app11ed in fall may also be benef1c1a] by
e11m1nat1ng NO accumulat1on during winter (Nyborg and-
Leitch}A1979),‘Inh1b1tors also may reduce p]ant.d1seases‘ L
{Huber and Watson, 1972). | | -

Among the inhibitory compounds patented for use in

;connection’ w1th fert111zers conta1n1ng ammon ium or other

reduced form of N are ha]ogenated n1trophenols, hydra21ne

salts, o- and-m- n1troanaf1nes. d1cyand1am1de, several bromo -

" or chloro substltuted an1l1nes (Alexander, 1977) ‘and others

'such as th1ourea (Quastel.and_Sgholef1eld, 1949). N-Serve or

2 chloro-Battrichloromethyl)fpyrtdjne is cosidered the most
promising (Reddy and Prasad, 1975). Inhibitors eliminate

nitrificatjontby inhibiting partially or completely the

“activity. of Nitnosomonas'and Nitrobacter (Campbell and

Aleem, 1965; Shattuck and Alexander,.1963) ‘Also,’
n1tr1f1cat1on 1nhib1tors have been found to reduce :

L
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overw1nter losses of fall applied NH -N in England (Gasser
1965) and in the Un1ted States (Huber et al., 1969: Huber ‘
" and Watson. 1972}.. ' -
Some fall N fert1l1zat1on in Alberta is done w1th urea.
Urea is hydrolyzed to carbon d1ox1de and ammon1a by the
enzyme urease wh1ch is the trivial name for enzymes w1th the
systemattc name of urea am1dohydrolase and refers to
hydrolases which act on C-N bonds (nonpept1des) 1n lwnear
amides (Bremner and Mulvaney, 1978). Den1tr1ftcat1on losses
from applted urea can be reduced by retard1ng the hydrolys1s
of urea after its appl1cat1on to so1ls o \
Compounds that are 1nh1b1tors of the enzyme can' be
le1ther 1norgan1c or organtc Urea der1vat1ves such as -
th1ourea, have been shown to be strong urease’ 1nh1b1tors
(K1st1akowsky and. Shaw, 1953 Malh1 and Nyborg, 1979a)
!Dther compounds such as d1th1ocarbamates, boron cwtammg
compounds, formaldehyde salts of heavy metals.haVIng atomic
weights > 50 qu1none polyhydric phenols and others,'haVe
been patented as 1nh1b1tors of urea hydrolys1s in so1l

-{Bremner  and Mulvaney, 1978) ' o

2.2.2 Use of dlfferent fert1l1zer mauagement practices'
2.2.2.1 T1me of N fertilization ' X

: Autumn applications of N have been found- 1nfer1or to .

equ1valent spr1ng appl1cat1ons at Rothamsted (Dev1ne and

= Holmes, 1964), in north central Georgla (Olson et al., 1964)

| and. in Ukra1n1a (Dmitrenko et al. : lQ??).“SteVenson,and o

R
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Baldwin (1869), in experiments conducted in Ontario, showed
that spring applications of ammonium nitrate, urea and
anhydrous ammonia produced_about 18% more corn grain than

fall application of these fertilizers.

‘McAllister (1968), summarized 22 field'trialswconducted

in the Prairie Prov1nces and reported that at 15 of 22
locat1ons there were no differences in the yields of cereal
grains between fall and spring N application. At three
“locations, fall apincationlyas betterdthan spring

| application, and at fourllocgtions. spring applted vaas)\
better than fall applied N. |

However, research conducted 1n the ear]y 1970’ &
'frequently showed crop y1e1d and N uptake to be favored by’
spr1ng application. In several central Alberta stud1es, N .
uptake with spring application was about two times‘greater
than with fall applied N (Leitch and Nyborg, 1972; Malhi and
Nyborg,_1974) F1e1d stud1es conducted in Manitoba _
(Partr1dge and R1d1ey, 1974) and in Saskatchewan (Paut and
Rennie, 1977) suggested that fall applied N'was often less
'efficient than'spring application | -

”ATso the time of N app11cat1on in the fall has proven
to affect 1ts n1tr1f1cat1on during w1nter in areas of cold
‘weather The later the N was appl1ed to the soil in fall,
:‘the slower was the rate of n1tr1f1cat1on of the fert1l1zer N

dur1ng winter (Malh1, 1978) .
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2.2.2.2 Concentrated forms of N'fertilizers o .

Banding N fertilizers results in a highulocal
concentratlon of ammonia and soluhle‘salts. Gasser (1965),
~and Leitch (1973)..found,that'hand placement of ammonium
sulfate reduced nitriflcation The total amount of n1trate
formed per unit area decreased with increased local .
concentration of NH4 in the band (Wetselaar et al., 1972)
and maximum n1tr1f1cat;onA1n the band occurs near the edges
of the d1ffused zone (Pang et al., 1973). -.

- In flooded so1ls, the eff1c1ency of applied N is
somet1mes con51derably improved if fert1l1zer is placed in
.the reduced layer (M1tsu1 1955; Broadbent and M1K5elsen,
1968) The-appllcation of ball-typebfertllizer into the».
reduced layer is one of the” most effect1ve methods of
vdecre351ng n1trogen losses (Shlga et al., 1977). Many
'f experlments 1nd1cate that ball type fert1l1zers made from
d.mud soil or obta1ned from the marKet 1ncreased both ‘the N
d?recovery by rice plants and gra1n yleld as .compared to N ‘
'fert1l1zers incorporated into the 5011 (M1tsu1, 1955)
N1trogen release patterns from deep placement ot uréa appear
':to be a d1ffus1on controlled process (Savant and De Datta,
1979). -Nomm1k (1956) reported that gaseous loss from urea
‘appl1ed 1n pellets to a forest so1l .was reduced
s1gn1f1cantly compared to broadcast1ng ‘He attr1buted th1s
'effect to a decrease in the rate of hydrolys1s by 1ncreas1ng

‘the pellet s1ze Baratemes and Morales (1977) in'

exper1ments wi th Pinus and EUCalyptus spp " reported that

—
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feetilizers applied in.pellete will release‘their'nutrients
slowly over a period of three years.jApplication of
phesphenoue ferti]izer‘“in hole" may be beneficial for
tomato_pfequction in southWesteqn Nigeria:(Sobulonet_el.,
1978) . N

In recent years attempts have been made to’ develop
_compounds that release. n1trogen slow]y Fertillzers such as
sulphur-coated urea (SCU) and 1sobutyl1d1ne d1urea (1B8DU)
have shown considerable potential as sjow release materials
(Frye, 1977; Islam and Parsens, 1979). | |

The previous description points out that there are
'd1verse me thods whvch can bé used to contro] N losses, and

with these methods it may be poss1ble to overcome or

\ m1n1m1ze N losses occuang dur1ng the. spr1ng thaw in

-
\

: Alberta N

< ) .
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3. MATERIALS AND METHODS @

3.1 Field experiments

3.1.1 Soiis\
 Field experimen{s were conducted at three different
sites, in the-districte of Breton, Westlock and Bon Accdrd,
in 1977-78. Thevdeseriptidn‘and location of the soils are‘in"
Table 1 and Figure 1, respectively.'_ .
3.1.2 Fertilizer treatment | :
In every experiment, -all treatments except the control
received alcomp]ete N,P,K,S fertilization. Nitrogen was
adb]ied‘as urea, ammoniuh sulfate or calcium nitrate at a )

rate of 56 Kg,N/ha.-Phosphorods. potassium and sulfur were

added at a rate of 41 kg P, 41 Kg K‘and 17 Kg~S/ha as treble

superphosphate and K SO incorporated"into the soil in the
2 4
spring 1978. These rates were determined based on soil test.

' Nitrdgen‘ferti}t&erS'which were;mixed, were first

spread‘by hand on the'soillsurfaCe and‘then worked. into the

soil appreximately 10 cm deep wifh’a.“rototil1er" Nitrogen

fertil1zers which were banded, were placed 5 cm deep in rows

spaced at 30 em or 60 cm. Nitrogen fert111zers wh1ch were

"nested, were placed 5 cm deep in a constr1cted'hole (2 cm -

diamefer), which were spaced at 30 cm x 30 cm or 60 cm x 60
cm. At the t1me of seeding- 1n the spring, al] treatments

were rotot1lled in order to prepare the seed bed, and

' consequently .the fall banded and nested N fert111zers no

21
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Table 1. Some soil propeffies Sf'the sites where field
“trials were established in the fall 1977, :

Depth - .C N Moisture
soil . Site (em) (%) (%) . pH 1/3 bar
Luvisolic ‘ o -

s (Breton L) 1 0-15 1.3 0.18 6.44 24.9
' | 15-30.-. 0.9 .0.08 6.?6 :
Chernozemic - - R ' ' - ’
(Falun L) 2 0-15 4.3 0.33 6.59 29.7
: ’ 15-30 - 3.0 0.30 6.60 ’
Chernqzémic :
_ (Angus Ridge) 3 0-15 8.7 0.79 ;.22 "35.3
'.l' . .29 . .

15-30 5.9 0.83 -

Moisture= Water retéined-by éoil'partic]es at 1/3 bar
moisture tension. Values are expressed as percentage of oven
~dry weight of soils. , ) o L
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Figure 1. The location of the three field trials.
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longer rema1ned in bands or nests.

A1l plots were sown to barley (Hondeum vulgane cult.

|l

’Ga]t’) at a rate of 100 Kg/ha, w1th a tractor drawn plot °

seeder at the beg1nn1ng of dune 1978 Weeds were removed by '
hand. Separation between rows was 22-cm and rows were N/S
.oriented.;nd run parallel to fertilizer bands. Contiguous
1nd1v1dua1 plots were 6.8 my long and 1.8 m wide. Thermistors

were set up at each location in order to monitor soil

t

it qictis

temperature.

3.1.3 Experimental design

The following 14_treatments were established 5( each
site, with each treatment rép]icatéd four times:
October 7 - 10 R
antfol |

Urea, mixed

Ty

‘Urea, nested (60 cm x 60 cm) -
AOctoben 22 - 25/j
Calcium nitrate, mixed

Urea, mixed .

‘Urea, banded (30 cm) \ ' o .
Urea, banded (60 cm) - , C- ' )
Urea,_nested.(30 cm x 30 cm) ‘ o | |

Urea, nested (60 cm x 60 cm)
Ammonium sulfate, mixed . ' ‘ -

~ Ammonium sulfate, nested (60 cm x 60 cm)

¢

November 3 - 6




*Ured, mixed

Urea, nested (60 cm x 60 cm) .
June 1 - 4, 1978
Urea, mixed ‘ .
| _The data for each site were analyzed using a fandomizedh
complete block design Bloéks were set up based on the .land
slope. Duncan’'s multiple range test was conducted fo;
s1gn1f1cant d1fferences among streatments. |
A1though the factorial nature of the above treatments
suggests'a.sblit-plqt design may be'appropriaté, a .
completely randomized block design was selected for the -
following reasons: ! | )
a. Jhis study was part of a project in which s1m11ar tests
are and have been treated as randomized comp]ete block

des;gn (Ma1h1. 1978; Malhi and Nyborg, 1979). Also, the

field plot design was prepared when this part of the-project
- 5 ]

"started.

b: It is_pogsibfe @ith designs such as the one used here
that error variance may not be homogeneous. Treatments were
divideq into subgroups, (time of application), and analysis
of variance was conducted.GThe difference between error
variance of the subgroups was not"stat{stically significant
accordiné to both, the Burr-Foster (Q-tesi). and the
Bartlett test. Therefore, the overa}l'error.yariancé was
considered to‘be a fair esfimate of each subdivided unit. ®
Consequently, it was felt that analysis as a random1zed

complete block design was Ieg1i1mate
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~¢. The main objective of the expeiiment was to . test the :

<

capacity of N fert1llzers applied in the fall, and placed in
nests, to 1nc ase the y1eld and N uptake by the barley crop
as compared to other methods of application. Interactions
bebween type of fert1l1zers and method of application, for

example were pot prlmary obJéct1ves In this context,

‘accord1ng to Chew (1976), it is acceptable gnd valid to

compare. the 14 treatment .combinations using Duncan’s

’

multh]e‘range test.'It_iS“recognizedhthat other variable

: intehactions may be §ign$ficaht. N

3.1.4 soil1 sampling -
In all field experiments, soil samples from the control

and mixed treatments were taken from the follow1ng depths: 0

~ 15 em, 15 - 30 cm, 30 - 60 cm, 60 - 90 cm and 90 - 120 cm.

Samp11ngs was conducted prior to the app11cat1on of

fert1]1zer in October 1377 and after fert111zat1on when

ﬁso1ls were frozen in November, danuary, March and after the

spring thaw in April 1978. For the 0 - 15 cm depth, each

soi} sample consisted of nine cores per plot taken with a
3.8 cm digmeter coring tpbe'(“step sampler") For the 15 -
30 cm depth the sample consisted of seven .cores taken with a
2 cm diameter coring tubé ("Oakfield" sampler). Below the 30

cm depth, -four cohesvofia 2.4 cm diameter were taken with a

- hydraulic trggk-mouhted eamplera FOr;evgry depth,_the cores

were combined.

: o
. P : .
S . - - . .
. R - .
. R /

o




o respective band dlstances

_ _ y
The plots where N fert1l1zers were applled in fall and

placed in bands or in nests,‘were sampled with different
techn1ques. Where bands were spaced at 30 cm, two subsamples
were taken per replicate. The first, consisting of a cuflic
volume,ot‘soiL 15 cm X 15 cm x 15 cm, was dug with a chisel
across. the band; ~the second subsample taken beside the band{
had dimensions‘of.775 cm"(perpendicular to the band) x 15 cm,
“(parallel towthe band) x 151cm‘(deep)p‘so that diffusion of
N fertllizer between two rows could be measured. When b;ndsﬁ
were spaced at 60 cm a cubic‘Volume cf_soilrl5 cm x 15 cm x
15 cm was dug from across the band. The dimensions ot-the

" second subsample were 23rcm\tﬂong) x 15 cm‘(widel x 15 cm-
(deep) . o
' Nest:treatments were sampled us1ng the d1mens1ons
(already descr1bed fqg band sampl1ng A sample conta1n1ng the
'nest1ng zone of 15 cm x 15 cm x15 cm was dug The lateral
samples’ of nest$ located‘@t 30 cm x @b cm and 60 cm ‘ 60 cm,

were taken in. a manner 1dent1cal to that~used for the |
0 . .

Prior to seed1ng all the plots were rotot1lled and so1l
samples were taken the same way as descr1bed for the control
and mix treatments Soil samples were a1r dr1ed, passed
Jhrpugh & 2 mm s1eye‘and'analyzed'for‘ureajﬂj NH4fN and NO3
-N content.

©3.1.5 Grain and straw sampling

E
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The’samples of barley plants, cut at ground‘surface,

consisted of 5 m from each of the central two rows of each
M
treatment The samples were placed in cloth sacks

oven- dr1ed at 65 C‘for seven days, werghed and threshed to

-~

Q

determine the graln yield. Representative grain and straw
samples were collected ground to 40 mesh and analyzed for

total N.

3. 2 Incuba11on experlments>

' Soil. samples of the Ap horizons, wh1ch were low in- :
mineral N content , were taken from two of the three swtes,
air dr1ed and passed through a. 2 mm s1eve befare 1ncubat1on

Ihe 1ncubat1on exper iments were conducted under controlled

.conditions of temperature (24 C) and mo1sture (1/3 bar)

Urea was e1ther placed in a nest (1.16 g urea per pot or per
box) orrm1xed into the so1l (31.4 ug N/g. so1l) These two
rates were equ1valent to- 56 kg N/ha/O 15 m depth .
3.241—Pot and box incubat fon ekperiménts‘

Samples of both so1ls were we1ghed 1nto plast1c pots to
prov1de 500 g, 1000 g, 2000 g and 4000 g of so1l D1fferent-

potps1zes were used to study possible effects of*the volume

- on'nitrificatioAandidifoSion'of urea. from the nesting zone.

The so1l5\were pre1ncubated for one week pr1or to . the

[3

appl1cat1on of urea After addjng urea, the pots were closed

» w1th plast1c hav1ng holes 3. mm: 1n d1ameter to allow

T

8

e
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"Aératlan{'fhe containers wehe.set out in a randomized
complete blook design with’three replicates for.each°
sampling period. : |
Samples consTstTngﬂof d1fferent concentric sect1ons of
- soil were taken from each pot. where urea was placed in a
nest was placed in nest. Mo1st soil samples were analyzed
for ‘urea-N, NH -N, NO -N and NO -N each 8 days for a per1od |
:of 24 days Incubatlons of soil samples with urea placed in
nests were also made in wooden boxes w1th d1mens1ons of 30
cm x 30 cm x 15 cm (deep) . . ) |

Duplicate samples of only the Black Chernozem1c so1l
,'were 1ncubated with urea placed in nests From each box,
three different sections of soil weremobtained (sections a,
b, ¢ of Figure 3). Determinations of NItPosomonas,
_vNitPobacteﬁ‘ng E. C .,and NH =N, NO =N, NO -N, were alsd“

‘made for every soil section at each sampllng The same

determ1nat1ons were‘conducted on Black Chernozem1c so1l

'samples where urea was mixed 1nto the s01l

3.2.2 Ureasevassay | | |
‘ Samples of the Ap hor1zon of the Luv1sol1c and the -
"Chernozem1c soils were’ 1ncubated W1th f1ve d1fferent
\concentrat1ons of urea (5 mM, 10 mM 20 mM, 40mM and 80 mM
in solut1on) at f1ve d1fferent soil temperatures (- 5 c, 0cC,
»10 C 20 o and 30 cl. The incubation of so1l samples to |

measure urease act1v1ty at subzero temperatures was made

o

tfollow1ng the method descrlbed by Bremner and Zantua

4
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1

(1975). The 'ass'a'y"s"fdr”‘uré'a‘s"e ‘were condUCted"basedon' the

method descrlbed by Tabataba1 and.Bremner (“972),»w1th the

exception that the dlsappéarance of substrate (urea) rather

than the appearance of product (NH ), was measured

t

‘3 3 Analytical procedures

' Ammon1um nitrite, n1trate and urea were extracted from
soil samples by shaK1ng 10 g of soil with” 100 ml 2M KC1-PMA

solution for one hour (Douglas and Bremner' 1972) e

Determinations of NH,;uNO NO were made by steam
. . 2

- 4
distillation (Bremner, 1965a) Urea was determ1ned from the

same extract using the color1metr1c method descr1bed by
Douglas and’ Bremner (1972) | _ : |

Total’ N was measured by - the sem1m1cro KJeldahl method
(Bremner 1965b) and tatal 501l organ1c carbon was
determ1ned by dry combust1on in the Leco furnace(labataba1

and Bremner 1970) So1l pH was measured w1th a pH meter

ratio. _ A

The. part1cle s1ze analys1s of 301l samples was carr1ed

:out by the hydrometer method (Bouyoucos. 1962) The m01sture

content of soils at: 1/3 bar tens1on was determ1ned by the

porous plate method ps described in the USDA Handbook 60

V,(Unlted States Sal1n1ty Laboratory Staff 1954)

procedure to measure electr1cal conduct1v1ty was taken from

:us1ng.a_glass.electrode in a suspension of 1.2.5, soil:water

%

the.same HandbooK_GO (1954) Bulk densjty wa5~determ1ned‘by‘

D
of
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“taking t‘wcf-‘f“i'éld cores at each site from the 0-15 cm, 15-30

" The bq@tér1al population of N itrosomonas and ‘
Nitrobacter was est1mated by the MPN procedure descr1bed by

Alexander and Clark (1965). Km values were calculated us1ng

| the Lineweaver- Burke plot (Bull 1971).



4. RESULTS.

4.1 Mineralization of  the native soil N dur1ng winter
One of the obJect1ves of the fteld trvals establlshed
in the fall, was to measure some-transformat1ons of soil and
fertilizer N during winter when soils were frozen.
The tnitiatvinorganiC»N content of the soils in October
1977 at the three sites .is shown in'Figure:2t' | T
At Breton, (site.t).‘12.Kg of mineral-N/ha was present |
in the top 30 cm of soil in October and it increased h
‘ cOnstantly{to'Bé-kg mtneraT-N/ha in March, and 37% of:this
‘ vmineraIrN acqrmulated as Noaf The mtneral-N‘content , B
]decreased in Apri1 to 24 Kg N/ha. This, represented a loSS'of
35% of the m1neral N which was present in March (F1gure 2)
At Westlock (site 2), the soil m1nera1 N in the top 30
/

cm of so1l 1ncreased from 20 kg N/ha 1n October to 60 Kg
| N/ha 1n March w1th 55% o; this N present as NO . By Apr1l y*
the m1nera1 N decreased to 31 Kg/ha, represent1ng & loss of |
49% of m1neral N present in March (Flgure 2). o '@;“"
, At Bon Accord (s1te 3) . the m1neral N in the top 30 cm
of so11 1ncreased from 11 Kg N/ha in October to 85 Kg N/ha |
“1n March w1th 57% of th1s N present as NO By May, 35% of

the m1nera1 N found in March had d1sappeared from ‘the f1rst

-f»30 cm of so11

In summary, 1t was found that m1neralrzat1on and

‘n1tr1f1catlon of the so1l N occurred dur]ng w1nter in frozen

o

f,,sOIIs and that much of the mwnerallzed N was lost dur1ng the ~

/ . . ) ) . - o ‘.’.,
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Flgure 2 Mlneralization of the soil mtrogen (in-0-30 cm) from; -

- fall to spring at the three sites of expenmentatnon
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~spring thaw (see Appendix -Tables 1 to 12).. ...

4, 2 Recoverynof fal applied N fert1lizer

| So1l samp11ng conducted in November,.danuary, March,
Apr11\and May, indicated a h1gher recovery of the urea- N
' when it wassplaced in nests than when it was banded or m1xed‘1
into the soil. Table 2,;shows that the recovery of nest
appiied-N'fertilfzer at the three sites, was never tess
~than 77% and in one case was as high as 98£ The apparent
recovery of fertilizer-N as. mlneral N, [((M1neral N in
fert1l1zed treatment - Mineral-N in control)/56) x 1001,
facr055'51tes and’ 1nc1ud1ng drfferent t1mes of app11cat1onnﬁ
ranged from 56% to 91% be1ng very varlable among the - '
d1fferent s1tes The recoveny of fall app11ed urea N mfxed
"ﬂ1nto the soil was dependent on the t1me of appl1cat1on The
| later it was’ app11ed in the fall, the h)gher Was the .'

~

“recovery of the urea-N.

74 3 Nitrlfication, 1nnnln1ization and other transformations
'of urea placed in nests and mixed into the soil | |

The nwtr1f1cat1on rate of urea. [((N03 N in. fert1]1zedf
‘i.treatment - N03 N in control)/SS) X 1001 . appl1ed in. ear]y -

ti-October and placed in- nests was extremely slow at all s1tes

*(Table 3) By March no n1tr1f1cation of urea had occurred atl'a

- s1te 2, and only. 6 and 4% of the Urea was n1tr1f1ed at s1tesht,_‘

“1 and 3,-respect1ve1y On the other hand n1tr1f1¢at1on of
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" Table 2,:The recovery of urea as mineral-N (NH4-N + NO3-N)
at different times, after urea was applied in-fall
- 1977 ;-at a-rate-of 56 kg N/ha-at the three sites.

! ) 9

Recovény of urea as mineral-N (%)

’Site Treatment‘Nov. : Jan. ' Ménch' April or
' . : May

1 ~  7-10 Oct. : o o
. Mi x . B9c * 76¢c © 72b 59b
Nest - 98a Co o 90a 77a
22-25 - . :
Oct. S v : : :
Mix 78b - 88a 78a
Band . - '80b - 83b : 78a
-~ 3-6 Nov. S > o ' -
Mix L . 89a. . 88a . 78a -

T2, 7-10 Oct. =~ -

' : o Mdx.  79c 75¢c 78d - 56¢
Nest. " -84a ..  8Ba 91a 86a
22-25 e
Oct. : C N ‘
Mix 81c . 81bc 76b -
% Band - 88b ‘ ... .8bab 78b

~T 3-6 Nov. . P ) S

Mix . . _.82a -82bc ' 88a
: | oocr s

3 : 7-10 Oct. P S o S

| Mix . 75¢ 74c. .- 73 - 56d

‘Nest ~_98a - 81b ., ~ 83a . ‘85a
. , 22-25 - e ) | .
o bete e ' R

e s Band = - 82b:% .~ 75¢° . 82b
_‘,*.0,' .:‘&;// . R 3_6 NOV. \%‘?ﬁ: . ) :- o . . ) - - :
LY Mix S ' 88a ‘88a . 91a

LYy
e
Pk &

v o

- % Within columns and for each site, values not followed by
| thé’séme~lettéh“éreﬁéignificant]y“different from each other

B N

" :\/'-w
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”:the urea applied. 1n early October and mixed into- the s0i |
was equal to 29%, 53% and 76% at s1tes 1, 2 and 3. “
respectively. By March, nltr1f1cat10n of the urea applied
late in autumn'and mixed into the soil, was 16%, 20% and 39%
i at sites. 1, 2 and 3, respectively (Table 3). _
| An exper1ment was carried out in the laboratory to test
the hypothes1s that urea mixed 1nto the soil and placed in
nests, is n1tr1f1ed at different rates, and further that the.
method of N placement would affect 1mmobll1zatlon upon
add1t1on of barley straw to soil samples l
Table 4, indicates that<only-4%, 17% and 36% of
-recovered urea placed in nests was present as nitrate,
[ ((NO3-N in fertilized treatment - NO3-h ‘n control)/56) x -
| 1001, after 8, 16 and 24 days of incubation respect1vely,
-the Gray Luvisolic so1l sample In compar1son 73% 73% and
82%tof the recovered urea mixed 1nto the so1l was present as
"yn1trate after 8, 16 and 24 days, respectively. Nltr1f1catlon
rates for the Black Chernozem1c soil sample a:e reported in
. ,the same Table Urea placed 1n nests, also decreased thg ’
“'rate of n1tryf1cat1on 1n this so1l and 33% 29% ‘and 30% of
the urea accumulated as~n1trate after 8 16 and 24 days,
*‘respect1vely When urea was . m1xed into the soil, |
'n1tr1f1catton was almost complete (91%) dur1ng the f?rst .
-.e1ght days of 1ncubat10n After 24 days, 97% of the' mtneral
n1trogen yas n1tr1f1ed _ _
The recovery of of urea as m1neral N in the Luv1sol1c

so1l sample whére urea -was placed in nests. was lncreased B
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,’/ .
Table 3. The recovery in March of NO3-N to a depth. of 120

Q? from-fall applied urea-N at a rate of 56 Kg
‘N/ha. :

‘Method of Time of - Recovery of sa as NO3-N (kg/ha)
appllcatlon appl1cat10n _ , ‘
' - Site 1 Site 2 . Site 3

~t

Mix 7-10 Oct. *16.0c. 30.0c 42.6¢

Nest 7-10 Oct. - > 3.2a 0.0a . 2.1a
Mix : 23-26 Nov. " 9.0b 11.2b 21.8b
{ L .

* Within columns, vaiues not fol]owed by the same letter are
s1gn1f1cantly d1fferent from each other (p=0. 05)
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Table 4. The recovery of urea as NO3-N after it was placed
in nests and mixed into the soil. Soi] samples were
incubated in wooden boxes (nested).and in Pots '
(mixed) at 1/3 bar moisture and at 24 C. _
Urea was applied at a rate of 1.16 g/box and
31.4 ug N/g soil in each pot. - . - o

.

Net recovéry of urea as NO3-N

)

: . Method of . (ug N/g soil) after days of:
Soil application - Incubat ion :
: ' 8 16 - 24
Gray Nest g - Tx1 . 1a 5.4a -11.2a
Luvisolic . ' '
A Mix o 22.9b 22.8b 26.0b
'Biack . Nest - 10.3a C 9.1a ' 9.4a
Chernozemic - , .
. Mi % 21.4b~ 21.5b 23.0b

* Within cotumns and for each soil, values not followed by
%he.saQT letter are significantly different from each other
p=0.0 . . . . } "

'cémpared to the mixed treatment ‘and was almost independent

. .. of :the addition of straw (Table 5). When straw was;nbt added

to soil samples, the recovery of N added as ﬁréa and p]aéed
in nests was 101% and 99%, after 8 and 24 days of °
v‘incubatioﬁ,.respectively. At the. same time, the recover? of
N applied as urea and mixed into the soi1 was 83% and 82%,"
respectively. Howevér, Qhen;straw was added at ; fate of 4
t/ha, . the recovery of N.applied as urea mixed into the soil
was only 6%_and -13% after 8 and 24 days, beépective]y.‘The
‘recovery of N appiied{as urea, and placed in nests, was 101%
and 70% af}er 8 and 24,days of incubation, respectivéﬁy |

(Table 5). Black Chernozemicasoil'samples'aiéo showed




.The recovery of urea as mineral-N (NH4-N + NO3-N)

1?9

i
i

Table 5.

;Vaﬁter it was placed 1n.nests and mixed into the
soil. Soil samples weﬁe\égggpated at 1/3 bar
moisture and at 24 C. Urea—applied at a rate of

- 56 kg N/ha. ‘

Addition“ N Recovery of urea as
: -of straw Method of mineral-N. (%), after
.Soil (t/ha) . application  days of incubation :
: 8 16 24
Gray’ :
Luvisolic 0 Mix *83b 78b 82b ' -
. 0. Nest 101a 87a 99a/
4.0 Mix 6c . -15c - 13d;
4 Nest 101a ‘99a - ‘70c .
Black g - o
Cherno- o - : K :
zemic 0 Mix 70b 72b 60b
: 0 . Nest 102a 94a 84a
4 | Mix -27¢ -11d. - -7d
4 ‘Nest - - . 98a 43c 46¢
“ * Within columns and for each soil, values not followed by
fheosggﬁ letter are significantly different fnom each other
p= . )



40 -

L]
e -

similar diffehencesvof N immobilization when urea was placed

in nests'or mixed into the soil, but there were differences’
in the magnitude of -the N recovered-from the applied urea
' Y
(Table 5.
In summary, nest placement of uréa slowed its
g - r . )
nityification and prevented, to a large“gxtent.
immobtltzatton of the applied N, after_étraw was added to

- /
Bthe sqdl.

4,3;1.Variatjon of the nitrifying population as caused by
method of urea placement. - -
v Since nitrificationvof urea placed in nests 335
'inhibited under field and ]aboratdry conditions, MPN (most
probable number) determ1nat1on of. Nltnosomonas and
Nitrobacter were made to test the hypothes1s that nest
p]acement of urea affects the growth and/or activity of
“these autotrophs ‘ o |
§ Table 6, shows the variations in the n1tr1fy1ng
Q]at1on after urea wgf placed in a nest or: mixed 1nto the
soil. At t1me zero, the 1n1t1a1 eount1ng gave 24, 000 ceﬂls
of “Nitrosomonas cm=3 andpdn}y 1,400 Nitrobacter cells cm-3
of soil. In the control sot]asamples withdﬁt’urea, the -
number of Nltnobacteﬁ cells increased to 29 OOO cells. cm-3
after e1ght days of 1n¢ubat1on The populatlon of
Nltnosomonas and Nltrobacter rema1ned unchanged at 29, 000 ,

- cells-3 of soijl unt1l the 1ncubat1on was terminated on the

24thday o ES

-

P
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4-Mixing urea;}hto the soil, resulted ‘in an exp]os1ve
growth of lePObaCteP The populat1on 1ncreased to 770,000
oe]ls cm-3 soil and 6,800, 000 cells cm-3 so1l after 8 and 16
days of 1ncubat10n, respect1ve1y After 24 days the number
of NltPobacteP cells dropped to 100, OOO .cm- 3 of soil.
Nrtrosomonas whose populatwon rema1ned constant dur1ng the

fIPSt stheen days of 1ncubat1on dropped from 29,000 cells

s

to 16,000 cells. gm- 3*of so1l after 24 days . of 1ncubat1on

(Table 6). g
Urea pdlaced in nests, 1nh1b1ted the growth of

Nitrobacten durwng the f1rst e1ght days of incubation (Table

B). After 16 days,;?nly a'slight increase of these

autothﬁaphs was observed. After 24 days their number was”
increased to 100 000 cells cm-3 of so1l - o
Var1at1ons in the populat1on of Nltﬁosomonas and A
NitPobacﬁQP occurred depend1ng f1rst .on their locat1on with
respect to the nest1ng zone. and second on, the time of

‘incubation. F1gure 4, shows the d1str1bution of these

"autotrophs in space and t1me

;Thezcentral sectlon of'so1l,'inc1uding the nesttng
zone, (section a), showed an-extraordinary growth'of
Nitrosomonas after 8 days, but after 16 and 24 days, the
number of cells dropped to 620, 000 cells cm-3 so1l .and
158 000 cells cm*3 In this same ‘section of so1ﬁ ‘the:

- number of Nltrobacten cel]s remalned unchanged dur1ng the
f1rst 8 :days of incubation. After 16 and 24 days the _

poputat]on of Nitrobacten grew to 29, 000 cel1s cm'3_and

Y = i
G C

§
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Table 6. Variation of the nitrifying population in a Black
' Chernozemic soil- incubated with urea placed in
nests and mixed into the soil. Soil samples were
jncubated at 24 C and at 1/3 bar moisture. Urea
was applied at a rate-of 56 kg N/ha..” - :

" Wethod of Witrifying —  MPN (cells x cm-3 of .so1T x 10%)
applica- organism - after days of -incubation. e .
tion , . - : S Soo

' - v 0 g 16 | 21
' Control  Nitrosomonas  24.0  * 29.0b 29.0b  29.0a
' Nitrobacter 1.4 - 29.0b 29.0b  29,0a
Mix—_  Nitrosomonas ~24.0b 24.0b 16.0a
_()X\\\\vv.Nitrobé¢ter_x’ o 770.0d. 6,800.0d  100.0b

\ . v N [ . . ‘ . n ) ." . . ) " .

Nest = Nitroéqwonas':J E 105.0c 750.0c  37.2a
Nitrobacter ~ _ ~ 1.4a 2.0a - 100.0b

> .
¥ ' a e g g
o L .

" Stat1st1cal analys1s was conducted w1th the log of the
number of cells. Within columns, values not .followed by the
?ame lg}ter are 51gn1f1cantly d1fferent from each other

p= 0.0 - S .
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1,600,000 cells cm-2, respectively. |

No changes in the populat1on of NltPosoﬁonas were
produced in sections b and c of Figure 3, dur1ng the rest of_
the 1ncubat1on per1od. However, the throbacter population
varied in these two external sections of soil. Between the
eighth and the sixteenth day of tncUhation; its popu]ation
was'reduced to less,than,100_ce]ls cm-3 of soil soil and to
|less than 300 cetls ¢h-a in soil secttons‘b and ¢, |
respectiveiy"<Although the populat1on of Nltrobacter in, '
both sectlons 1ncreased to 29,000 cells cm- 3. soil, after 24
‘| days’ of 1ncubatjon, it was not_targer than that 1n.the"'
control soil. : | L _ -

_ In summary, Nltrosomonas and especwally Nltrobacter
were affected bgbplac1ng the urea. in nests. Nltrobacteﬂ
cells did ‘not grow during the first 16 days of 1ncubat1on.
On the other hand when urea was m1xed into the so11 the
‘growth of NitPobacteP was greatly enhanced In the control
:so1l the popu]atIon of. Nrtrobacter ‘and Nitrosomonas d1d not

tchange after the e1ghth day of 1ncubat1on

4, 3.2 Variat1on of E. C and pH caused by method of urea

-

‘placement. ~ . e L

Determinations of E. .C. and pH were used to determ1ne 1f

_.changes in these two properttes were assoc1ated wath
v var1at1ons produced in the popu]at1on of the. n1tr1fy1ng

bacter1a (Table 7a, 7b)
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Table 7a. Variation of the soil electrical conductivity
' (E.C.) and soil pH, produced by urea placed
in nests and mixed into the soil.. Urea applied
~at a rate of 56 kg N/ha. Soil samples incubated
at 24 C and at 1/3 bar moisture. C :

VarTat lon of the sol] electrical.ébnductivjty,

(E.C.) and pH after days of incubation.

.. 8 16 24 |
Treatment - E.Ca - . pH  E.C. ~pH E.C.T . rpH
Control 0.8 6.54 0.8 6.50 0.7 .45 |
Mix 15 875 2.4 6.20 3.6 5.66

est * B o o | N S | ‘ 
a) 138 7.02 14.4 7.08 4.4 7.10
b) - 0.9 6.62 5.3 6.74  /2i4 " 6.9
c) 0.8  6.62 - 0.8 6.20 .. 148 .. 6.10
* See Figure 3. N AT
| )
s "
:
/
P
| - 4
|
{
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Table 7b. Var1at1on of pH in soil samples (0 15 cm) taken
‘ from the field trials after urea was appl1ed in
‘the fall at ‘a rate of 56 kg N/ha.
JTime of
rvappl1ca— : L E )
Site t1on Treatment = Nov. ~ Jan. March  April
1 7-10 Oe.. .Nil - 6.40 6.25 . 6.50 6.49
. ' Mix - - 6.33  6.29 . 6.41 6.35
Nest (a)= ~7.15 - 6,82 6.97
- Nest (b)=* .6.61 N 6.24 - 6.39
22-25 Oct. Mix - 6.50 ' : 8.45 6.45
- _ Band (a)* + 6.37 - 6.35 . 6.34
. . . Band (b)x* 6.37 ° 6.29 .- _ 6.25
3-6 Nov. Mix. 6.  © 6.37 6.30
2 7-10.0ct. Nil - 6.56 6.48 6.65 6.76 -
o Mix 6.58 6.55 6.68 '6.87
. Nest (a) 7.33 6.94 - 6.98 - 6.89
~ - Nest (b) 6.76 6.56 - 6.56 . 6.59
22-25 Oct. Mix . - 6.69 . - 6,700 0 +B6.T1
.- . Band (a) 6.69 6.57 - 7.45
.. ‘Band {b) 6.67 . .B.52 . 6.62
. 3-6 Nov.,‘ Mix. .. . ' 6.53 _6.56 6.66
- 3 7f10‘00£\ Nil , - 7.46  7.41 P '7.38
_ o Mix 7.64. 7.41 7.38" o
. ‘Nest (a) ~7.92 '7.891 - 8.08 , - - '
... Nest.(b) ~ - 7.88 - 7.54 - 7.56 . - .
22-25 Oct. -Mix . - 7.55 . | ..7.58 -~ , .
e . Band . (a) . " 7.92 - 7.48 .
' . % Band (b) '7.65 - 7.50 -
. 3-6.-Nov. Mix. - 7.60 - 7.46

zZone 1nvolv1ng the nest1ng or band1ng zone

*37=
”*?b = zone immed1ately adJacent to the nest1ng or banding
zone,w» | | . .
0
‘ e o i
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Soil samples that were used as control gave'fairly
,constant values of E. C and pH,throughout-the incubation
. perlod o N ) ' |
| ' M1x1ng urea 1nto the soil, resulted in a moderate
1ncrease of pH dur1ng the first e1ght days of incubation.

The pH: 1ncreased from .53 to 6.78 and fluctuated between.

o 6 20 and 6.66 after 16 and 24 days The electrlcal

’ 'conduct1v1ty (E. C) of the soil ‘increased constantly from '

- 1.45 mmhos/cm to 3.80 mmhos/cm between the eighth and the f
- twenty ‘fourth day of 1ncubat10n | ]
| Urea placed 1n nests produced the most dramat1c changes

in soi.l pH and E C values Th1s was espec1ally pronounced

" in . the cubic sect10n of so1l 1nvolv1ng the nestlng zone

(sect1on a, F1gure 3). In th1s section of soil, ‘the E.C. was
unusually hlgh at 13.6° mmhos/cm and rematned almost codstant
‘:unt1l the end of the exper1ment The pH of thws so1l section
1ncreased to 7.02, 7. 08 and 7 10 after 8, lS and‘24 days‘ofj-
“1ncubat1on, respect1vely o . | _
So1l samples taken from the f1eld exper1ments after the
'establ1shment of the plots during fall, showed that the pH
of 137 .} ssﬂ sect1on mvolvmg the nest zone - was 1ncreased
}_even more to values of 8. 0 and ‘higher (Table 7b). Theva 1n
1501l sectlons b- and c " was similar or a l1ttle hIQher than
the pH of - the control samples The same trend was observed
h“w1th the pH-of so1l samples taken from the f1eld tr1als
‘ilTable 7). The electr1cal conduct1v1ty (E. C) for sect1gns b\ -

,and c was lower than that sbown by the area 1nvolv1ng the o
: - _ « o 3
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nesting zone (Table 7a)..

In general; urea placed in nests,_caused an 1ncrease in

'the E.C. in the zone 1nvolv1ng the nest. The pH values were
also 1ncreased These large - var1at1ons in electr1cal |
conduct1v1ty, were. not found in the external 5011 sect1ons
Urea m1xed 1nto the soil, produced only minor var1at1ons 1n

5011 pH and electr1cal conduct1v1ty

4.3. 3 Transformatlon of urea 1nto inorganic forms .
| The foll0w1ng experlment was carr1ed out 1n the
laboratory fa determ1ne the d1str1but1on and - transformat1on
of urea placed in nests as comparﬁ% to urea m1xed 1nto ‘the

'vso1l

F1gure 5 shows that urea placed in nests in a Luv1sol1c

u_so1l sample 1ncubated 1n pots conta1n1ng 500 g of so1l
>‘substant1ally reduced the ,rate of ox1dat1on of the ammon1um
Vto n1trate as compared to mixing the urea into the so1l
After f1ve days of 1ncubat1on only 63% of the urea applled

-—

) 57% of the hydrolyzed urea was as NH N 0. 3% as NO -N and

in nests was hydrolyzed The recovered m1neral N showed thatv

0 9% as ND -N. The NH /NO ratié was 35 Urea mlxed 1nto the7 .

- so1l was hydrolyzed completely w1th1n 5 days and was
"n1tr1f1ed at a much h er rate; 11% of the urea: was found

as ammon1um N and 82% accumulated as NO -N. The NH /NO

1}rat1o was O 11 and n1tr1te did. not accumulate After 10 days

‘of incubation, the urea placed in® nests was almost

completely hydrolyzed and n1trate accumulated sl1ghtly Only

b it S s o 6 P e
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1% of the applied urea accumulated as NO_-N. The NH./NO_
ratio decreased,'but;was still very h}gh at 15.4. o
b ~ After, 15.days of incubation, the NH"‘/NOS ratios were = -
0.08 and 6.1 in the mixed and~nested‘treatments;-\
» respectiyely At the end of the 25 days of incubation 32%
Lfand 80% of the added urea was- present as NO N in the nest
and m1x treatments, respect1vely The NH /NO ratio was 2.4
as compared to 0. 038 shown by the urea mlxed 1nto the soil.
Incﬁbat1on of-urea placed in nests, was also conducted
~in larger pots conta1n1ng 1000 g, 2000 g and 4000 g of soil.
Urea was applied at the ‘same rate (1 16 g urea/pot) The
‘dynam1c ofcthe urea hydrolysxs and ox1dat1on were qu1te '
-Similar to that shown in the SOO"g pot;'However, there_were
i'differences”in magnltude"especially reoarding'the NH /NO3 _
'_rat1o Th1s rat1o decreased with increasing pot s1ze and |
. With t1me of 1ncubat1on (Appendlx Table 13)

~ The N recovery from dtfferent pot stzes and w1th urea
placed 1n nests. was almost complete and ranged between 92%
and 98% durtng the f1rst ftfteen days of incubation. When
the - 1ncubat1on was - termlnated after 25 days, the reoovery of
the appl1ed N had decreased to about 75%. On the other hand )
the recovery of N after urea was m1xed into the 501l was
.83% T7% and 80%, after 5, 15 and 25 days of 1ncubatton,.
‘Nrespect1vely S ' o
An’ 1dent1oal exper1ment was conducted w1th Black
-Chernozemzc soll samples 1ncubated with urea placed in. nestsf

’ 1n pots conta1n1ng 500 g, 1000 g and 2000 g of so1l These :
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results {Appendix, Tab]e'}4) also showed a reduction in the
rate of urea hydrolysis andmnitrificatiOn as compared to
urea mixed into the soil. .

4.3.4 Distribution of different N forms with respect to the
nesting zone ' 1‘5

F1gure 6‘snows the lateral distribution of urea, NH4.
‘NOZ, and NO3 af%er 5, 16 and 25 days} in soil sambles
'incubated with urea placed in nests.\Setl samples were taken
with 3lconcentric cylinders, 2.2 -cm, 5.d~¢m or 8.6 cm in |
diameter and'10 cm high. The lateral d1stances of 0 cm, 2 cm
and 4 cm are used to des1gnate the distances ex1st1ng
between the central zone of application and the other two
concentr1c cyllndr1c sect1ons (F1gure 7). Vertical
d1str1but1on will not be descrlbed since the concentrat1on
of the d1fferent 1norgan1q N forms was quite similar above
or below the\zone of appllcat1on in each of the concentr1c
‘sect1ons of soil. ’

Urea was placed 1n nests in the Luvisolic soi.l sample,
at the center of the pot and 3 cm deep. After 5 days, the
central so11 sect1on conta1n1ng the nest1ng zone had
concentrat1ons of 40 and 130 ug N/g soil as urea and
ammontum respect1ve1y, contents of nitrite and n1trate were
negllg1ble At approx1mate1y 2 cm. from the zone of
appl1cat1on there was an 1ncrease in urea and ammon ium
contents to 300 and 360 ug N/g- so11 respeé%1vely Only 5
~and 0.8 ug N/g so11 were found as n1tpate and’ n1tr1te

. e
~ . . ‘o—\
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forms of N,wehe found.

‘nesting zone was increas

‘whereas,,that of N

\4 ,.;
,i.sampled as in, the

-~ 55

respectively. At about 4 cm from the nesting zoné, 40 and
100 ug N/g soil accdmuiated as urea and‘ammonium

|

'respectﬂve]y N1trate and nitrite contents 1ncreased ', S

sltght]y to 17 and 0 9 N/g soil respeot1vely, After 15

days. urea was comp]etel hydrolyzed-and.only inorganic : v
e ammonium concentration in the . '

to 167 ug;N/g soil; nitrate and )

\enltr1te contents we#e 7 and 1. 8 ud N/g so11, respecItve]y

o

At about 2 cm from the ' zone, there was a peak of NH

B

of 490 ug N/g so1l.{wh11e 40 and 8 ug N/g soil were presékt

l

Was NO and NO , respecttvely o gﬁu - a ) o

At the end of the 25- days 1ncubat10n per1od‘ the

i'nest1ng zone had‘100 ug N/g so11 as NH and only 14 ug N/g

soﬂ as. NO Agam. the peaK in amnonufm of 292 ug N/g? soil

‘was found to be at'ab0ut 2 cm from tﬁe nest1ng zone,_f'

- and NO was at 4 cm
3 .
Wh1le the pot, w1th urea mtxed 1nto the 5011 were not ‘ ;f
* RN X :
WOrego1ngq one would suppose that the urea = %
\:‘0 ﬁw% - ECR ) E ‘ Y

uéﬁy through the~so1l partlcles

Ry

R
~?v,Ype£of tncubatm@nvwas conducted using a

;_--l’i |
¥R

‘ mpﬂe In pots conta1n1ng 500 g, 1000 g’ aﬁd ' e

,?’
€ -

2000 g of so11‘s Tr”nsformatwon and dtffus1on of .urea Q’J

y’

O B - g



b

conceﬁﬁrat1on of ‘urea and ammon1um Although these two N .

forms ajso moz#ﬂ to the farthesg/§o1l sect1on‘1n the pot

thh@a ,i"t; at moved was not as, gzeat aS'wgs ‘that from aﬁ?
A 4foue to the zone 1mme6€%té

.;. ?:n the neeting~2’2e wa‘}almost nagl1g1b1e, this

;peqﬂgse;wae restrtctédnﬁﬁ thebe%ternll s0i 1- sections of the

T“'" 2

pot. NO accumula&ed’w1th a,max1mbm peak in the mos t

D

external seotlon of soad 4@t 4 .cm from the nestlng zone) ,
D o

after 25 days of 1ncubatf0n c K t}"frﬁ‘f'

w

-)' oo~ r ’J .

4.4 Hydrotysis'of fall-applied -urea

* y Table 8, shows that urea apgl1ed dur1ng the first week
of October and m1xed 1nto the soi], was nq; comp]etely
hydrolyzed unt1l after November at smtes 2 'and 3 At site 1,

ione kg urea- N/ha was st1ll detected in danuary ‘

Urea app11ed 1n October and p]aced 1n nests: was not
hydrolyzed complete]y unt1l after danuary at s1tes 2’and 3
.At sxte 1 one Kg urea- N/ha was*st1ll detected 1nfmarch

Urea apphed in Novefrber, and«’%’xed mto the so1l

";Hdecreased the rate of hydrolys1s By March émtes 1 and 2

jhad 3 8 and 1 Kg urea- N/ha, respect1ve1y Urea was not

- detected in March at site 3 .;-#‘: h%, ™
. . SR -—d; N L _ o
.4 1 1 EFfect of ure& concenﬁration and s011 temperature on. *%-'
- . e RS , .
%surease activity ;'.‘9-‘,'” A ;- :
T "
p ¥ - o
w5 v | L

TR : | B 56

Iy{adJacent N1tr1f1cat&on

[aghY
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-Table 8. -Recovery of urea-N, (kg/ha), after its abplicétion-" {

to the plgts in the fall of 1977. Urea was applied
at a ratef 56 kg N/ha. : o

¢’

Site 1 Site 2. Site 3

. Treat- . . = o , _
men t** - Nov.18 March4 Nov.25 March 6 Nov.12 March 8

 Mix | - , ’
- 7-10 Oct. 2.0bx 0.0b 1.8a 0.0a 1.3c 0.0c
22-25 0ct. - 4.1a 0.0b 2.7a 0.0a 2.4b 0.0c
3- 6 Nov. : - 3.2§; : 1.0a . 0.0c
Nes.g- R L R
© 7-10 Oct. . 3.5a 1.0b 2.8 0.0a- | 4.1a 0.0c

=3

3 Withfn columns, values not folloWedﬁby the same letter are -
signigicantly diffeérent form each other (p=0.05). - :
** Treatment = Time and method of application..,

S o _ U |
[ 3%
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- ~at d1fferent sowl temperatures Urease act1v1ty 1ncreased

"

58

éased uponhthe‘reSUlts described above, assays were
conducted in the labOratory to exam1ne thg effect of so1l
temperature and 1ncreas1ng ‘urea concentration on urease ’
act1v1ty M1chael1s constant (Km) values for urease weme

%ﬁilculated for both the Gray Luv1soltc and the Black . o

ernSZem1c so1l samples This was dong to test the
ypothes1s that the access1b1ltty'of fhe enzyme to the
/substrate in the two so1ls varied.

Fvgure 8, shows the rate of hydrolys1s for - the Gray
Luv1sol1c so1l samples, at d1fferent urea concentrations and
. almost l1nearly.w1th increasing urea concentrat1on up to 5

‘mM At all soil temperatures the enzyme act1v1ty was max1mum
~at aj;ronce tratton of 5 ‘mM urea in solutton Substrate
:'conpentraﬂrons greater than 10mM urea, resulted in a
"subsequent decrease in urease act1v1ty There was complete~

1nh1b1t1on of’ enzyme act1v1ty at a concentrat1on of 80 mM
‘urea So1l temperature also 1nfluenced urease a9}1v1ty At

a concentrat1on of 5 mM urea, the act1v1ty of urease at’ -5'

c, 0 c, 10 C and 20 C ‘was only 5%, 27% 36% and 68%

-8

4»-

respect1vely of that at 30 C (F1gure 8) « l 8
/ When Black ChernozemIc so1l samples were 1ncubated at' 0

C and at 30 C, there was greater act1v1ty of*urease at the

fh1gher temperature (F1gure 9) When the concentrat1on of.

',urea was . 1ncreased to 80 mM urea. the complete 1nh1b1t1on of

'*’urease shown by the Luv1sol1c sample was not present in the

'

-Black 501l

P

y

H

:&;;‘
%
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30°C o o '

‘aﬂ‘.

~

. \ug‘ N ‘H.ydr'ozly‘zed .g~1 soil ‘=h§“

-

.

ol rv
00005 001" 0.08

F'gure 8. " Effect of sail’ temperatu,re and%concentratnon
.Lgn the u!ease actlwty of a LtMsohc sosl o
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Km values obﬁained_for the Luvisolic and the .

i Chernozemic soils, were 6.8 mM and 3.4 mM, respectively,

1mpﬂy1ng a greater acce551b111ty of the enzyme to the

“substrate 1n the latter s0i 1 (Figures 10 and 11)

These results strongly suggest that soil temperature,

substrate concentration and some unknown soil factor affect‘j.,
" urease activity Decrea51ng the soi | temperature, resulted
. i ] .

in 1ess act1v1ty of urease However , enzyme:activity stiil'vrr

ex1sted at soil temperature as low as -5 C. Increasing the

urea concentration up to 80 mM},produced~a complete

, 1nh1bition of urease in the Luvisolic soil and only reduced-

its act1v1ty in the C ernozemic soil. Km values'confirmed a
“greater affin}ir of - the enzyme for the substrate in the
Natter soil. o o B
After eiuc1dat1ng some of the dynamics and reactions of
fertiiizer N placed 1n nestéij\t is worthw11e to evaIuate :
and qyagtify the effects exerted by nest placement of fall
applied N fertilizers on the yield and N uptake of a barley

e

crop,’ estabiished at three different Sites
L : S

4
(53

4 5 Grain y1e1d and N uptaké’as affected by various factors
4.5 Effect of methods of fertiiizer piacement and time of

ferti]izatton on yield ,\increase

At 51te 1, urea applied in early, mid and late fall

- m1ixed into the,501l gave yield increases equ1valent to 47%

L.

”60%‘and“57%,’respectiveiy,_of,that obtained_from spring

—
e -

.
Becl

3



_soil (Table 9.

-1ncreases of

Happﬂ1ed in early. m1d and late fall ~placed

aapp11cat1on (Table 11)

64

-

applied urea which was mixed into the soil (Table 9).

Urea applied in bands in mid fall, at spacings 30 cm

‘and 60 cm, gaveﬁvield'increases of 62% and 65% respectively

of that obtaine fném spring applied urea, mixed into the

up

; é; apblied in early, mid and late fali, and .
p]aced 1n eszs/at 60 chx 60 cm spacing, gave yield

%, 8A% and 78%, respect1vely of that obtained

"~ from spr 'ng appl1ed urea (Table 9)

s1te 2, urea applxed in early, mid and late: fal]

,A

mixed 1nto the soil, gave a y1eld 1ncrease of 40%, 59% and

' ‘_70%. respect1vely of that obta1ned from the spr1ng app1ﬁed
urea (Table 10) |

/

Urea appl1ed in. bands in mid fa]l, at spacings of 30 cm
andRGO cm, gave y1e1d 1ncreases of 76% and 60%, respectively '

of that obta1ned from- spr1ng appl1cat;§§ Ho%ever, urea

in nests at 60 %

.. cm x 60 cm spac1ng gave y1eld 1ncreases of 71% 75% and -

70%. respect1vely of that obta1ned from the spr1ng app11ed

urea. Nests spaced at 30, cm’ X 30 cm gave a yweld 1ncrease of

82% of that obta1ned from spr1ng app11ed uﬂ&a (Table 10). |
At swte 3 ‘urea appl1ed in early. m1d and late falT

'-m1xed 1nto the so11 gave y1eld 1ncreases of 51% 62% and

72%,‘respect1vely of that f}ed from the sprlng

o S e
Urea appl1ed 1n mid fall placed in bands at spaQInggg

.

730 cm and 60 cm gave yleld 1ncreases of 79% and 70%
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65

. | 3
Table 9. At site 1, the effect of type.,method and t1me of

app]1cat1on of fertilizer N on the yield ihcrease
and N uptake of barley crop. Fert111zers appl1ed
at a rate of 56 Kg N/ha

-

Time of T - ~“TIncrease Total net
vappllca~ - Method of in yield N uptake
tion- = Fert. .application _ 100 Kg/ha kg/ha
7 Oct. 5 Urea . Mix *0.2 b 18.0 bed -
L Nest (60 cm apart) 11,7 b 24.8 abc
22 Oct. Calcium 1\M S = S .
R nitrate ° Mix A 9.0°b  12.7 d
Urea C Mix o ~_t1f9ab. ,2%ﬂ4abcd'
. - . Band (30 cm) " 12.3ab  22.2 abc
SE TR Band, (60Qcm) . 12.8ab  21.2 abc
. Nest (30 cm apart) 11.9ab 30,2 ab
Nest (60 cm apart) 16.5ab  30.5 a
“Ammonium. e
sulfate ~ Mix : 15.6ab . 25.7 abc
A T Nest (60 cm apart) - 12.3ab- 25.9 abc
_3 Nov. Urea Cmix ¢ | £11.2°b  17.3.cd
’ _ ,;Nest (60 cm apart) ¥ 15.48b  28.5 abc
31 MaY —?Pea S mix oy o #1972 82.5a #
_ -Zﬁntﬁqlu.‘ B T 18.2
Stand EPPOP ‘, _ _ . 2.3 3.8'

Ty Y1e1d"ncrease =z yield of freatment - y1eld of control
Tot net N uptake N uptake of treatment N uptake of control

* W1th1n columns, values not fo]lowed by the samé - letter are

_s1gn1f1cant]y d1fferent from each other. ( 05)
\-q-' - )
4 [ 4 - ) t:.ﬁ "?“ﬁﬁ .
L - e
. T R
- : - “v S . :&i ‘ L : ~‘ \.'\\a
T o '*‘;"&”& R R N
N Ll
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Table 100 Al site 2, the effect of type, .method and time of
- APblication of fertilizer-N on the yield and N
#Ptake of pbarley crop. Fertilizers applied .at a
fPte of 56 Kg N/ha. | ' , .
' | \ y . ,“r ‘. 2 2} BJ \.
Time of | - | ~TInctease Tatal net . & - —
- applica- ! Method of in yield N uptake
tion . Fodt. application’ = 100kg/ha . kg/ha
B 0ct. U T Wi T T Y T Ty T e A
) N ‘ Nest (60 cm apart) 13.7 ¢ 7 _ 28.7 ¢
23 Oct. Ga\cium : BN ) . .
- mitrate.  Mix B ~ 7.8de , 12.7d
Ura - pix o 11.3cde * 31, ~-
g -« Band' (30 cm) 14.7-bc 34.8bc
o) Band (60 cm) 11.6 cd 31.8/ c
Nest (30 cm apart) 15.9abc 38.2bc
. Nest (60 cm apart}) 14.4 ¢ 37.4bc
AW}\onium P o g o , Co
su'fate Mix - . 11.9cde 29.5ab -
N~ Nest (60 ¢m ypart) 20,2 a  52.0 a
4 Nov.  Wha - gix " 13.5¢  32.0 ¢
o ' Nest (60 em ypart)  13.5 ¢ 33.0 ¢
| | | “ o
t5une  ures X  19.3ab © 49.6a
T AR A ARG v i & 35.8
Stand. EFIONe . ' ’ 1.6 3.9

-.*'WitHin_éo1UMns.,¢aers not followed hy the same letter arFa..

significantJy qiffgrent from each other (p=0.05). . -

~ J’{ﬁ 4R E:' . ) .
<o R AR v
. : . ’ #
kS P . [ .
/ \ L y . : .
' N . r\M\,—«—v\/\,
*
- . . &
- *
-,
o
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e respect1ve]y of that obta1ned from spring applted urea. Urea
- applied in early, mid and late fall, placed in nest at
dspac1ng 60 cm x 60 cm, produced yield increases of 135% 90%
"and,94%, respect1vely of that obtained from the -spring
applied ureaf mixed into the sotl (Table:11)t
The valhes'in.%ables 9, 10 and 11 .shew that nest .
plapement of nttrogen fert1l;zevs app]ted in the fall, gave
7hhtgher yteld 1ncreases as compared to mixing the ferﬁ*ﬁlzers
into the so11 at the different tlmes of appllcat1on Out of
a total of 15 compar1sons (nest versus mix) made at the

“three sites,), shbw higher yt ids when N ferttlmzers—were

-nested Three’!\‘ these 12 compamsons were s1gn1f1cantly
' d1fferent as shown Qy Duncan s test In. 2 out of the 15

‘cases nested and mrxed treatments of N fertlltzers produced
b‘

1dent1ca] yield; and ‘only in ‘1 case, the m1xed leert1l1zers
gave a higher yield, although it was net\nbtfsignittéantly
different. '. ir | | _b
n | The same tables show that of a total of 12 compartsons
(nest versus band) at the 3 s1tes. there were 9 cases in

:r

wh1ch urea p]aced 1n nests gaVe the higher yields and 3

cases in whtch banding was supertor..These dtfferences\were '

not sigrificantly different.

3

} 4.5, 2 Effect of different types of N fertilizers on yteld
:* _1ncﬁ§gse - .
e At s1te 1, when N was applted in mid fall: as Ca(NO )
'daﬁd~m1xed 1nto the so1l 1t gave a y1eld 1ncrease of only .'?ég ‘??
. . B

™
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Table 11. At site 3,

: app¥ication
and N uptake of bar ley crop.
at & rate of 56 kg N/ha. }

Ly
\

. B8
D '

. ~ :
the effect of type, method and time of -
of fertilizer-N on the yield’increase
Feh;iljzgrs applied

Time of

Method of '

Increase Tota]'net,

6 Nov.”-_Urea

Mix

-~Nest'(60'ch apart)

applica- in yield N uptake °* .
tion® Fert. application- 100 Kg/ha kg/ha -
10 Oct. Urea Mi x N ~*8.6 cd -18.7 fg.° e
. _ Nest (60 cm apart) 22.9 a7 59.6 a o
. o 4
25.0ct. . Calcium : . N -
nitrate Mix "8.0d  11.7 g _ e
- Urea Mix : ‘10.5 bed"23.6 efg . .
' Band (30 cm) 13.4 bed 30.7 cdef - e
J Band (60 em) - 11.9 bed 24.9 efg | v
Nest (30 cm apart) 15. 2abcd- 36. 4bcde cae 4
T Nest (60 cm apart) 15. 1abcd- 38. tbcde .
Ammon i um’ . N : ‘ AR
sulfate Mixq.‘ﬁg‘ﬁﬁ W . 14.8bod37.0 bed | ..
" Nest (60 cm apart) "~ -16.6 ab 41.1 abc -~ o

14.8 bed 28.8 def - - %

15.9 abc 34.5bcdef 4.

- 1,'June  Urea <:/dMi};1‘ o //” 17.0.ab. 46.0 &« X,
. SR o , _ gy
: control ; R - 7.5 4147 '
. Stand. . Error . o 2.3 . 4.4 ¢

* Withjp columns, values not followed by

signif}cantly diff

erent from each other (p=0.05).

e

“the. same “1¥ter are

.



o }4 5 3 Effect of nest plaoement on N uptake

_"fall beha{ed l1ke urea app11ed in m1d fall and.m1xed 1nto 4 I

,lappLied-drea. m1xed into the soil. Ammonﬁpm sulfate m1xeg

‘as the produced by urea mfxed 1nto the so11 ’ ‘:f o «,'.‘r;

Happl1ed i the fall and m1xed 1nto the so1l Usu 1y, these‘-

"for every loc tion and for every time bf ferti]ization..urea:j-"

s . i v B ""‘ - _v"‘t\‘ '.ﬁéq';'i . |
, 46% df that obtalned from spr1ng appl1ed urea, m1xed 1nto
‘tne soilly oL T

_ w “ s

AMMOn1um sv

>

W

fateJ appl1ed in mid fa]] m1Xed 1nto the "i§§

; so1l produced a y1eld 1ndreaselof 79% of that obta1ned from

spring~app11ed urea, m1xed 1nto the so11 Increases prodpeed

BN

* by appl1cat1on o urea m1ked into the so1l have been.

.\?iqéiﬁady descr1bev.

ﬂ_ : o : o N A

' At site 2 p;}hcatmgn of Ca(NO ) iR mid %511 gave a’

e

y’gld 1ncrease f only 40% of that obta1ned ﬁrom spr1n§ "_ -

S

'ifapplied urea. The-JNH ) SO , mixed into the 5011 ‘ng’d : Viwt.jf *.

LR W

V" L . 'Y : '_u _'.,.(V*;._,

‘__the soil B . S s SRS

RS R S e LT e
At s1te 3 Ca(ﬁOQ) ﬁiXed into the soil, gave.a yreld

LT .,Q. .
-Q e -'_9’7.‘, .

“Jncrease equwva ent;to 47% of that obtawn Qm spr1ng '

into the so11 d oduced s1m1lar effects on y1eld‘increases,l'¢* o

: Calc1um n1trate produced lesser y1eld 1ncreases than

-d1d ammon1um s;lfate and. urea when these fent1lhzers were

W

d1fferences we e not s1gn1ficantlx dIfferent Ammonium -

ulfate and ur a appl1ed in the fall behaved somewh t

3larly when

they were nested 'v'?'”, L

[ Theénesults of Tables 9 10 and 11 hgu that a1most

o __"4:_ o e
»t' L 1.:\:’ e R e
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. appl1ed in the fall and plamnests 1nduced greater N
e "’ '
a uptake than dId“u‘rdﬂ ‘appl1éd i'nPthe fall placed in, bands or
i a, T,

mixed irito the so1l ligw r, these dlfferences were often “‘“& :

not stat1stlcally s1gn1f1ct Average values ofuN uptake at . f s

- aLl three 31tes were taken fon calcu,l,ahons %n m1d ‘fal_l .Urea

: treatments Values for m1x1ng ﬁ\e urea mto th,e so1l-;_ " %W >
placement in bamfs and for%lacement {i_n nests were 59% %Séé tz N
- e v & ;
K nd 82% respedtﬂwely, w1th upt’ag(e for spgang app L}cahon ;Q;aaéztw_-

;',:,' = set as 100% St.at1st1cal analyses was not perforn}ed on thesewﬁs.ﬂ‘_
N &umake dat\; where all s1te.s were taRen togethér g v'._f,
'_ Lo and 1s shown 19 Table 12 Treatments were combm"_,"
% o the ~method dtf p'lacqnent’ and hme «of ap__pl/at/1

The yleld jnformatqon of the t‘hree s1tes vl?«as sum'tlamzed

’ ! exﬁple an. aVerage was obtamed from all'athe 36 : 3
f; observatwns of Re‘,nest/ed urea treatments across all s1tes, , f
T i wg1le the average pf all treatments across s1 'oes was made up ‘
T T ~of only 9 observat1ons 1n the case of Ca(NO ) . Stat1st1€%l
. . analyses are not presented because this"analyses may not be 'f
T approp1ate for tthese results Consequently, the results 1n .
. ~Awlable 12 are only given w1th t'hat cautlon kept 1h mmd '

There are broad d1 fferences in y1eld 1ncreases from the . _\ SR

~ -'owest Y'ler to the hlghest-yleldlng treatment. wjth the
(

"'.',tment (Thle t2) Another way of



l

Mc»* of 44% For thé~ fal‘l apphed urea‘"WI}én m1xed m&b"'ﬁe so1l
% | when t::)anded or -when nested the va}ué’s are 5&. 6»70 g 81&: %

i " vi.,

. W
k4 ‘- \ o ’
- e
. S
. IS
\ .
\ "
o
2
.I
v
/o
- ta
« .
Sl e .
. » .
« Y
' -
o
.

i)
: rathé‘r than m1xed

.

N W Fpl abphed qrea I.S mproved wﬂ‘en the‘b

“

._"

»

- value of 100% and evaluatmg the y1eﬂ:l 1ncreases oF the.i
' ~other~ ntreatments as percentages of the Sprmg apphed urea.

‘ . Thus..the faH apphed Ca(NO ) gf’ves orﬁy &yleld increase , ’

.
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Table 12 Average of the thré% field tr1als. show1ng the?
effect of type, method and time of applitation

. of fertilizer-N on the y1eld increase of the-
bariey crop Fer¢111zers added at a rate- of

56 Kg N/ha ,

\

' ' 3
A By .
. .

P

Method Of
~applica-. .
tton‘

»crease of all

appl1ca-' v
s1tes (100 Kg/ha)

tion Ferti11z;h 'j

"
ﬁ%‘,
-

0. ¥ - e

- \ - ‘G" Yoo
« Mix
Jrea _ T Mix
cka - "‘,"'V » Band.
Urea - Lo s .- Nest. - T |
'Arrmqmum sulfate" Mix :
Ammonjum §u1fate

1

Nét\ : .\ 1

?ﬁ:« Mix ve - & 18.7 ( 9).
- ! )

Pl : e
¥ B : . : 9.
Control ‘g;ﬁ*; s -ff1573;(“97f_”‘"

- LWH.L —
t .

-.f ‘ =

= R
£

@ 5

FalTa‘
Faﬂl
"Fal-l
“Fatll .

Ca}c1um nitrate
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Spr1ng Urew ;

K ~_'.

{ )= _npmber of observatxoné\gsed t‘galcx;d’a;e average

. ’ g +

. “ -‘

. - g .
e o

Average yield in-
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M1nera11zat1on bf natwe orgamc N tooK pl

”the wmter, from Ortober to March 3-n three dfi f ferent frozen
| 50115 of Alberta, and. Yhe rates of mingralization (dﬂfered
a_mong t,he so1ls- Therws a scarm of 1nformat1on7 in the
éaturego support ‘this fmd' g. In spltpe ,Qf thws, | "-, ‘

(1965), suggested that there is htt]e reason to_

s .1' i . .
ﬁﬁﬁ - dodbt that there may exis a slow nitrification at _ o

| | , than,2 C Malhi (1978) @;nd an '“"é
SO accumulat1d'xu‘qgnorgén1c -N- durtng w1nﬁet ™w'- frozeh soils oﬁ .
o ‘ Alberta Recent 3t9d1es., repyrted byﬁa‘lhi ﬁ I\T’yborg S “

(1979b), showed an accuruulattﬁn of mtrates f’ror#fall.5
" ;:‘-5 ' h applied urea: ’in frozen soils of Alberta A m1crob1al study’,

| T condUcted by Mekht1ev (197Q) m"a northern reg1oz1 of the“"" -
o 5

f}JSSR,;showed a larger populat1on of m tr1fy1Q9 orgamsms- ’

g

. o
¥

durmg w1ntér than durmg summer or fal]

o
A

s1te, durmg the w'nter months, 1nd1catg that the f1rst 15

So11 temperat_ re and ‘mo15~ture ~determmahon for each

cm of’ sgtl were fr zen and that the mo1sture content ,

(0 D/B ) of the so1ls ranged bétwe’en 25% and 38% (Tab]e 13

and :15) _. Als,o so1l ten'peratt_Jres, regastered daﬂy durmg the
'\:v‘mtér' atl the é’i1- _?Jf"e n)éteoro}ogtca'l" tﬁ%‘r@hawed the -
were at tenperatures shghtly below fthe

Joraa D
Freezmg 4pomt (-1 to 6),‘and that soﬂ temeratures ,-‘l

e % N

W

."‘)‘
R

"‘/ o f1rst 15 cm- of so1

mcreased or decre sed from one day to another ~—Th1s

flUctuattbn in tenp'_ratqre may exert on the sml orgganic

matter an effect s1 lilar to that described by Ivarson and \

. :° . .' '*




Table 13,_S0i1. tempe

<&

N

,f

depths af

ﬁ‘“'

the three sites

durlng 1977 1978

‘N

T -

40.

rature (C) at three different - so1T
.of’*xper i ment ation |
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s .

kocat1on

LP‘”'

Date

Soll temgerature at diffenent depths

5 cm

15 cm

30 cm -

Breton

o jn .
" . El - ’
T Ve

Nov. -6,
‘Nov. 19,
“Jan. 28,

Feb. 9,

- ‘. "Feb. 26,

March:. ¢,

. 4 Marchi’ 57"
) April 1,
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_(Agm R25

4,‘Nev, 12
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\ able.J4.,$o1l moxstune (O;D B.). at four. dlfierent depths” --
“dur1ng 1977 78.

So:7’moisfune (%) at difFerent depths

Location Date 0-15¢m  15-30cm  30-60cm  60- 90cn

‘4
g

: 1977 - 23,

- Dec. 31, 1977 = . 26.

" Feb. 25; 1978 © -~ 28.
March 8, 1978. =~ 25.
April 25, 1978 - 22.

. -May-. 12, 1978 - . 20.

L% MY westdock 0ct. 1, 1977° 18,
S0 Nov. 1, 1977 24,
e 4o ™+ Dec: 30, 1977 - . - 25.
g - " ‘Feb. 25, 1978 ' 36.
1 ©.." ‘March'9, 1978 - - 29,
@ - - April 19,,1978 S 28,
T T May, 14 19’78% S 229,

© Bon O_ct..'f, 1977 ""..__‘;.30..

, " Nov. 1977 . 31.
RO ¥ ". Dec. 30 1977 - 26,
R BT Feb. 255, 1978 w38,

L _v"j;;-'March 10 1978 43.
'f*;{f‘m'A*May 16 1978 ;- 33.

zg;g% ERIY I ‘.15"19 |
18.7 P
0

Breton B&H 1977 . 15.

-~

e ks S

i _\‘10—~9Q; o 0"&mqo'ow -.;:.ooo.t‘s.::._w\l

-1* There was - free water oi“' fl supface and frozen ground '

‘below 35" cm between the ‘1s#¥and the 8th-qf April-at Breton,.
“'Westlock and Bon.Accord. Free water on. soil surface remained -
'funt11 the end’of Apr11 pt the latter place . '

. " o N

. o . s .5 .
'---22;.0 8r 26.3 1.
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mSowden (1970).. They. found that. freezing of soil. samples at

1m1neral1zed N (Mack 1963) Soul1des and A111son, (1961)

"1nd1cated thﬁT the 1ncrease in decompos1t1on of the so1]

"as low as'-10 C to 50 C (Anderson and T1ce, 49%?)

77

.

* -14 C for three weehs, caused a marked 1ncrease in the total f

' amount of free amino acids and sugars, and tha after the

th1rd week the content of these organ1cs dlsappeared

dramat1ca]ly, Freezing‘also 1ncreased ‘the amount of

organic m%tter, fol]owed by 1ntermittent dry1ng or: free21ng, R

Y

‘515 dye prﬁmargy to the release of. nutr1eﬁts, especially

enérgy §ources¢ that can, be rapldly ox1d1z.ed by the. soﬂ
microF1or;E ?s . S .‘v - "’_ 1 - :'}’v*s‘.=" 5; j‘t}
o .Un‘rozen?f1lms of water exist in: frozen soils (Murrma@n :

et al 1968), and th1s unfrozen water surrounds the so11

,m1neral gralns 1n a zone that ranges in. th1ckness from 3 to

50 A or Qore Thls has been shown to occur at temperatures

yj

f~,;Substrates such as anmno ac1ds and other ﬁftrogénous_"' '

"fcompounds that are released from the organlc pool by’ so:l‘

';vfreez1ng could thus rema1n concentrated and dlssolved in the"

a

’;runfrozen f1lms of water Those m1crob1al cells wh1ch remaln

g ff?;50wden. 1970) V,“"

’sz;maln processes or a comb1n

"gacttve at the lower temperatures WUuld be able to ox1d1ze a :P";

igreater percentage of thzs organlc substrate to complet1on r ‘ffsd

*han those actwe at, hugher temperatures (Ivarson and L
Based'on th1s 1nformat1on, 1t fs suggested that two

4 i
itl,pn af them mlght be 1nvolved 1n ‘\"

f;;;7the mwneraSizatlon of crgan1c matter 1n frozen so1ls The

' ”“; ’ . . X
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- *f1rst qs represented by m1crob1al metabol1sm, wh1ch can

-

accumulate m1neral N as a waste product in the soil-

l '.env1ronment~. The second represented by freeze- thaw cycles

‘ occurr1ng in the top of the  soil during winter. Th1s
‘tphy51cal phendﬁena could depolymer1ze complex organlc
'substrates 1nto lower molecular we1ght and’ more ass1m1lable‘
"Organ1c compounds, wh1ch w1ll favour the m1crob1al act1v1ty
_Free21ng and thaW1ng also destroys a portlon of the- s01l

m1crob1al b1omass The dead cells ‘are 5uscept1ble to further.

d lyt1c act1on by enzymes or predators,,_b‘ esses t .
“fac1l1tate N m1neral1zat1on in frozen. &g :v_. -
m1croorgpn1sms ‘such’ as protozoa would“‘u;igre susceptlble'f
to destruct10n mak1ng the so1l envnronment 1&25 compet1t1ve:“

"and more favourable for the growth and act1v1ty of °
"dheterotrophs Further studles are needed to exam1ne thls‘
7Mtheory o { T o |

| . --,".7“ Urea is frequently used for fall appl1cat¥on of 4’i§l

hfert1l1zers Ane Alberta Urea hydrolyses very rapidly after
'hrh“”y_':;1ts'app}uoat10n to so1ls, usually wlth1n a few days after

“;ﬂapplled (Tlsdale and Nelson; 1975) However, 1n the present[.f

by sO1l temperatbre (t}me of appl1cat1on) and the method offu’

The amount of urea recoverld 1n March four months

8)

after its appl1catien to the soil indicates that the rate .

of hydrolysis was 1ndeed affected by lower soil »ﬂf;f;f

’a”ufstudy the hydrolys1s of urea aﬁ§ﬂ1ed rn fall was affected Lo

applvcat1on (nested banded or mixéd 1nto the sowl) (Table{,'-~t
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temﬁﬁratures When urea was mixed 1nto'the sof T in early

Octoberp the soil: temperature at the three s1tes ranged o

3

between 6 andc§ C and the urea was hydrolyzed very raond]y
However,.when urea was mixed lnto the soil in November with

4

- the 5911 temperature at about 0 C urea was st1ll detected

; Tn M‘rch at s1te 2 S1nce the hydrolys1s of urea 1s malnly y

: an enzymat1c react1on (Bremner and. Mulvaney, 1978), there rs
little doubt that temperature s of 0 C and below affectéagf .

the act1v1ty of the enzyme The 1ncubat1on expér1ment§;f4'b

v L A
) Luv1solic so1l samp1e W1th 1ncreas1ng urea concentrat1o?ﬂ1§g;ﬁ§E?‘
showed that the enzyme was 1nh1b1ted b ”iubstrate o ‘ ‘-J‘
K concentratlons of 5 0 mM urea and hldﬂer"?lnh1b1t1on of thev ;.
g enzyme by substrate has been reported onIy w1th pure ﬁ%@fd '_‘1
vf 3 he w‘neous systems (La1dler and Hoare, 1949) efuf.y R
-‘f'itf | 1nh1b1tory effect 1s attributed to the ex1stence of twof
“)ai.?,' ng1ghbor1nng1tes 1n the att1ve center of Rhe urease S “
i”;y* melecube one of wh1ch b1nds urea and the other water At .
i. b1gh urea concentratIOn the substrate 1s adsorbed on the "
wat.er SIte (Bull 1971) / :~';‘:{-,_‘l'_i -’*_:'. g

L W1th the same sdbstrate concentrat1ons the Chernozem1c_;'
“'hfé%éf """ soil sample showed Only a decrease 1n enzymat1c actlth} at

ﬂjif 80~mM ureg The difference in enzymatic activity between




80 .
”;2/" ’”'these”tWOfsoilsﬂmignt‘be due to a lower concentration of .
. Urease inbthe Luvisolic soi | or'to undetermined factors
N d sorpt1on and/or d1ffus1on) affect1ng the affinity of the
yme and substrate in the. latter soil. This was reflected '

the Km values of 3.4 mM for the Chernozemlc soil as ST

,’, ared to 6.8 mM obta1ned for the Luv1sol1c so1l F1eld ,
xper1ments showed that urea was a}so hydrolyzed at a h1gher
~rate at ‘the s1tes with Chernozemlc 501ls ‘The effect of, {'~;
. substrate concentrat1on on: Urease act1v1ty 1s partlcqurly |
T'““lmportant from an agronom1c po1nt of view. It ngy h%%f to ;;
: ?t'f (,explaan in part thegpos1t1ye effect of urea placed in o
nests on the eff1c1ency of fall appJ1ed nitrogen e
i fert1l1zers Indeed the h1ghly concentrated form of N
'u enhanced the conservat1on of the *ert1l1zer N in. the 'soil
durlng the cr1€1cal t1me of spring thaw1ng by slow1ng down.
the hydroly51$ rate and- subsequently reduclng the o
."{f*.rﬁ n1tr1f1catlon process dur1ng wﬁnter and early spr1ng .
.;.a". ’” S1nce N- fert1l1zers appl1ed in fall ane less eff1c1ent -T5
than when appl1ed\1n sprJng, due to 51gn1§ﬂcant. N - di;r;“
denitr1f1cat10n losses occurrlng in early %pr1ng (Nyborg et '

;y;:;;;;fg, 1977) -1t 1s Qf pr1mary 1?Eortance td 1;0

a1 ."

aecumutat1on of nltrate 1h the so1l during ﬁf

qp*y a m1n1mum of substrate yor none, 1s ayailable fom the o
S denwtr1fy1ng organ1sms duﬁﬁﬂg the spring thaw .' '1‘”f/i‘75

nitriflcation process (T1sdale and Nelsonk 1975 Alexander

1977) However.;less of the nested urea'applied in fall wasfﬁ

’ y
AY

Urea mixed into the ‘soil may undergo a very rap1d' | ;j'”/‘
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mtmhed by March than of the urea mixed mto the soil’

~

-'.j (Table.3). This effect was shown cons1stently at the three

TRARL .

L

i}é\éé;. sites of exper1mentat19n. Incubations made in the_

| laboratory, Confi?med»that"urea placed in nests was .
‘ n1tr1f1ed at a much slower rate than was‘.rea m1xed 1nto-the' _
‘ 5011»(Tabuﬁb4) -Urea plawﬁg in nests grea;ly affected the .*‘“’f
, growth and activi %:’y of Nltr'osomonas and Nttnobac%er m‘.the e
so11 The mecgﬁsm by whwch th1s gccugreg was not ‘ o

determmed m factors such as electmcal conductwity of .

0

mthe soil and so1l pH were not assoc1ated W1th the varﬁat1ons

4

" the'se . autotrOphs Th1s was - .

Lin populat1on s1zes

e results obtamed from the ,
"{'o._ e . ‘q .
_ mcubahon exﬁ‘emments '7% e ”0‘ S

s

{}’y” cor?cluswely shown

Sk, U"f‘

The growth or act1v1 ty of Nltr'obac:féf‘ could have been

. L
.t .
e~ B
& ' °
I ' P

: .affect_edj_b . a) Anmonium tox1<:1ty, b) N1fr‘1te toxmﬂ;y, or

'~effects baused by some 'soi orgamc coﬁ'pouhds

4

| del temous ‘éffect on the growth of Nltrbbacter‘ agHis o
L .leem and Alexander. 1960) Howgver'@ det@mmatmn of the_‘
'r:;“ ‘f‘@m tmfymg populat1pn m soﬂ san'ples mth urea placed in
‘ nests. showed that’ celPs of Nitr'obacter‘ were K1Hed arid.,; e
S thew growth was 'i.nhib1ted in areas far from the nest'ing~ '_ R
- zone, where NH - and NO. diffused at’ extremely Tow RPN

: DS - e
concgntrati.ons.i In the area involving the nestjng zone. S e




r

Ry ere ammonium content was- extremely high, the growth of -
i, @Nitr‘obacter‘ was enhanced (Figure 4). S1nce anmomum and
.‘ mtmte were- in low concentratwons in areas far from t’he

nesting zone and the N recovery was almost complete the
o i

poss1btl1ty of NH tox1C1ty was no't cons1dered fea51ble

Yoo Therefore, ﬂfactors (a) ‘and (b) do not appear to dwrectly

L g

,\_’/

B r\/ Cause. &.he decrease in mtraflcahon rate of the urea placed
: i

e m n§sts The third poss1‘b1%:y appears ‘“to be more o p :
B P s . T .
' '& : reasonable Urea placed in ts has been shown to LT

’ accumulate as anmomum in large concentrataonsa. whlch in the

presence of water,, combmes to form an'momum hydrox1de& The

latter. an orgamc solvgnt m1ght have dtsso ved andg

% . : aromat1g,§, an}i or plgenollc cornpounds. such as catechol,T |
quinhydrone hydroxylamme and others These oréamc I

conpounds have been -proven to be 1nh1b1tors of mtmhcatfon "
’_———and -some of them can have a.resldual ﬁect .on Nitr*obacter*
. "v'eells (Lees and Ouastel 1946) ‘the area close t»o the
R nestmg zone fhese or-gamcs wou‘ precip:tate ‘due to the S
h1gh salt concbntratlon (E- c.= 13.5° mnhos/cm) thus causmg’ -
. no deletomous effect on the Nitr'obacter cellsl .
Nevertheless, W some of these. con‘pounds di ffused to areas
' ’ ' far- from the nestmg zone they will: not prec1pitate due to
| v a lower salt concentration (E C,-.Z nt(lhos/cm) but would "
&Ll and mhib'lt the .growth ‘Fébacter' cells. This =
.perimental results ob;a*lned

ulg .

‘f“rom the field trials during the study g RS Q/

" hypothesls comcides wi th the

- : i . R PR .‘.;..‘ r

. e ' B . .
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On the other hand, urea mixed into the soil brought an
) -enn4chment of the Nitrobacter population during all the
incubation per1ods (Table 6) As a result a more- active
populat1on developed,; which enabled a h1gher rate of
oxidation of ammonium salts to nitrate. .; '
The recovery of N from urea applied in nests was always
greater than the recovery of N from urea mi;ed into the
'soil. When urea is mlxed into the soil, it diffuses very
Arap1dly through the porous media. As a result, an intimate
contact between soil particles and urea is obtained, thus,
faci'ﬂteti'ng biological activity on this substrate. When |
mineral-N is.inadequate to fulfil the metabolic requnrements
of growing organ1sms decomposing or§3n1c matter these
heterotrophs ass1m1late 1norganlc N to build the1r cell
~structures, so that the plant availability of N(/rov1ded
through fertilizers) can be reduoed temporarily through
immqbtlizatione However, stnge urea placed in nests is a
very concentrated and localized'férttlization, the contaot
between urea and soil particles is reduced greatﬁy, thus
reducing biological activity on theosubstrate. During
winter, under field conditions when mos t Oftthe.soil water
is‘frozeh, the ijfusion of urea from the nesting zone is
greatly affected, so that under conditions of N deficiehc§,
fertilizer N is subject to little or no 1mmob111zat1on

Incubat1on studles carried out in the laboratory conf1rmed

these observations. Also the difference in N recovery among

the two methods of app11cat1on can be attr1buted to a ‘ z |

e _ - ‘ ;

e . , ' | : i L

it 0 b P ot




conditions of soil water saturation.
. . 4 .

_where fall applied N fertilizers were placed in nests{(Table

.- higher, (although

84

reduction of ‘ gaseous N. losses by nest placement in

Avoiding N losses by denitrification and immobilization

“processes, among others, will inevitably allow more

efﬁicien;:use by plants of fall applied N fertilizérs. In
the presenf\etuby. this was reflected by yield increﬁehts,
( some sfgnificant and some not), produced by barley in plots

12). Variatid die to sites was not significant and

_ accounted -foi gnly 15% of the the total variation in yield;

therefore the varjd&ions in yield were a result of the

\.diFferent treatments.. In almost all cases, nitrogenous .

fer}jiizers applied in fall aha placed in nests proéuced

. ng significeht) N uptake, ¢compared to the
uptake obta1ned whgn N fert111zers were mixed 1nto the soil
in the fall. | ‘

Th1shstudy oroduced two qther.observations which
desehve mention The first-is that aE Bon Accord, UPea
app11ed 1n fall and placed in nests gave a s1gn1f1cantly
h1gher yield increase (at’ p-0.05) than d1d urea appl1ed in
the.spr1ng ahd mi xed 1nto the soil. This was consistently.
shown by all;replicetes.'The.eeéondﬁis-fhat at Bbeton,
yields did not show. consistent andlgighificant di?ferences
between nest‘and mi x treatmehts Factors like rate of N
fertlllzer, other nutr1t1onal def1c1enc1es or other.
env1ronmental factors could have masked the effect of nest

placement.

e e
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V
The t1me of fert1l1zat1on.was shown to be' important

‘ oniy when N fert111zers were mixed into the soil. Delaylng
fe9t11izer applicatiog in fall decreased the n1tr1f1cat1on '
rate of the fertilizer so that denitrification losses could
.have been d1m1n1shed “ o L

Stud1es made on N uptake and yield. increments when
ferﬁjtnzers are placed-w1th different techniques, 1nd1cate.
that N avai]abt]ity'for plants {s enhanced when tertitizers
are placed in bands (Sobulo et al. 19785 Tisdale and -
Nelson, 1975) . However in-the present investigation,‘bands
and nests were completely d1srupted by soil cultivatlon soon
before seed1ng Hence, the pos1t¥ue\effect of nest
placement on y1e1d and N uptake was not caused by the
- position of the fertilizer while the crop grew. Instead, the’
benefit_ﬁor the crop occurred through the reducing losses of
‘mineral N by.Keeping the N ferti]izers.away from |
impobilization during winter and/or from denitrification\
'losses during‘the spring thaw. |

¢ Denttrificatjon losses occur mainly from nitrate based .
fertt]izerS’(Malhﬁ, 1978)8 This- effect was also evident in
the pbesent study, where plots fertilized with Ca(N”03)2 in
fall,‘gave the towest yield increase and lowest N uptake'by
" barley. N'recovery from soil_sanples of different treatments
taken-in’March and April, strongiy'sucport'this conclUsion

(NH ) SO, was - super1or to urea when applied in m1d fall and

42 4
m1xed<1nto the soil.

I3




A1l the previous analyses of nest placement .versus
other application techniques, indicate that nest placement '
has obvjbqs advantages for western Canadian égriculfuref_p
This néw placempnf_techniaue is a practical to&l to enhénce:
the gffiéiency 6F fali applied N fertilizers and ganﬁbe used

~as an altérnatiQe to chemical inhibitors of njfri?ication.




-¢c. Time of N fert1l1zat1on in autumn had no significant

'd. Calcium nitnate applied in fall produced Tower yield )

.applled in fall and mixed in nests.

- 6. CONCLUSIONS

The results obtained fron the field'tfials and incubation
studies, permit the following cpnclusidns:.

a. Nest ptacement of N:ferttlizers applied in;fall increases
the yield by reducing tne mineral N losses. OQut of 15 |
cdmparisons\ of nest and mix treatments, in 12 cases nest

d]aceﬁent of N fertilizers gave higner yields (only in 3

cases were these d1fferences significant).

b. Mineral N losses .are m1n1m1zed by nest placement due to a
decrease in th& rate of urea hydrolys1s, and 'to a reduct1on
in n1trate accumulat1on ver the. winter. The NitPObacteP

population is especi y affected by hest placement of urea

effect compared to plac1ngvthe N fert1l1zers in nestsf

¥ -
N,

increases and N uptake by barley than NH based fertil1zers

Ammonvum sulfate and urea behaved similarly when they were
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Table 1. At site 1, ‘the content of urea-N, NH4-N and NO3-N
- ) (Kg/ha) in November in the top 15 cm of soil at
o »
d%fferent times\in 1977-78. ~Urea applied at a rate

"d\\ﬁﬁ kg N/ha =
. ~N
;> T1me of I "..‘
appli- \\é ‘ i L
~cation | Tre fﬁenﬁ'Dépth ~_ NH4-N - NO3-N Urea-N
) L w (Cm) et
| - o
- 7-10 Oct. Contrel _ 0-15 1.4 7.3 0.0
Mix  0-15 - 448 . 10.9 . 2.0
,\ o ~Nest  0-15 ©  59.8 . . 10.2 . '3s
R DO LT i |
. . ' . . . o | . . - . V4 .
5\551254'Jfay1x 0.5 .. 435 1.1 8.1
. Oct ‘ ,' | 2 > | | ) | o _
o~ Band ~  0-15 41.6 S 11.9 10.0
. o ~ ' o .
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Table 2. At site ﬂ: the content in January of urea-N, NH4-N

and NO3-N.(kg/ha), in ‘the first 30 cm of soil in

;_‘é- ’ '

four treatments. Urea applied at a rate of 56 kg’
" N#ha. | | T '
:
Time of
abbli-’ e .
cation freatment Depth‘ .NHQ:N NO3-N ‘ Urea-N
- | (cm) R
7-10 Oct. Control 015 - 12,9 P 92 g
| © 15-30 4.4 1 -0.0
Mix .. 0-15 L3966 . 149 1.4
£ . is-30 9.8 45 0.0
 &; j | S
22-25  Band . 0-15 ".44.4 . - 136 5.4
Oct: o _ | . '_' .
3-6 Nov. ' Mix ,-\\ ' 0-15 . 38.4 8.2 14.Q
| | 15-30 12.0 . 4.6 0.8
_ 12.0 |
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-Table 3. At siﬁé 1, thé content of urea-N, NH4-N and NO3-N

applied at a rate of 56 kg N/ha.

(kg/ha) in March, in the top 120 cm of soil. Urea

-1}
Time of
appli- \ ”
cation Treatment Depth 'NH4-N = ' NO3-N Urea-N
" (cm)
-~ iy 4
y <
7-10 Oct. Control 0-15 6.3 A 105 . 0.0
15-30 7.3 3.5 0.0
30-60 6.1 3.3 . 0.0+
3 60-90 3.0 3.5 0.0
. 90- 120 0.9 0.0 " 0.0
Mix ¢ 0-15 38.8 18.9 0.0
15-30 13.5 8.9 0.0
) 30-60 2.7 3.6 0.0
60-90 2.7 L —
90- 120 0.0 0.0
1 Nest 0-15 52.9, 5.4 1.0
o 15-30 . 18.2 9.7 0.0
_\, 30-60 4.8 5.1 X
| Cos0s0 N 3.8
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90-120 1.9 0.0
22-25 . Mix 0-15 49.6 16.8 0.0
Oct. | | |
15-30 6.6 8.0 0.0
( 30-60 4.7 5.4
| 60-90 2.7 4.5
90-120 4.5 0.6.
36 Nov. Mix 0-15 54.0 19,7} 3.8
15-30 9.1 5.1 0.0
) 30-60 2.7 3.6
60-90 4.5 3.5
190-120 0.0 3.6
) \_ v.«. .
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Table 4.. At site 1, the content of urea-N, NH4-N and NO3- N
(kg/ha) in April in the top 120 cm of soif. Urea’
.applied at a rate of 58 Kkg/ha.

” " L
Time of, ) B )
N , . . - | »
cation Treétmen} ~ Depth ~+H4-Nﬁ .NO3-N . Urea-N
| (pm) o “ |
! . . -
™~
. 7-10 Oct. Céntrol . 0-15 4.0 405 0.0
R 15-30 - 3.2 6.6 0.0
’ 30-60 36 2% .
; 50-90 1.8, ° 0.3 -
_ 90-120 1.8 - 0.0
 Mix . 015 155 339 0.0
o 15-30 6.7 3.1. ’
) 30-60° - 5.0.' 0.9
7_ . o | so‘go‘ 2.0 1.0
* L : | 90 20 1.4 0.0 o
+  Nest . - 0- 15 - 18.4 3.0 0.0
o o 15 30,263 . 4.2 |
, oot 3060 |3 N
’ W e80T 2.0 oy
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22-25 Mix
Oct. '

:5“1;\‘ ' ~
¢3-6 Nov. Mix
o |
\ -

37 .6

jffé

2.6
2.3
1.7

281

8.9

11,7, '
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1.8

0.9
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0.0
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Table 5. At site 2,

g

- (kg/ha), in Novémber,.in the foﬂn15 cm of soil.

Urea applied at a rate of 56 kg N/ha. -

-

1o

the content of ured-N, NH4-N and NO3-N -

Timefbf :

‘7. appli- -

‘cation

i

Tbéatment'oepth -  NH4-N  NO3-N ~Urea-N

(cmf'{

. ) - '
' .
~ . . . . . .
o ) ) )
. : +
! . : ~ s . o
. - D
-:-\-‘::_/ -

.7-10 Oct.

Band®  0-15

Cpﬁtrol - 0-15 - _jé;Z' ) ﬁ}{é.s;i‘Ju

Mix 0-15 . . 34.9°  36.4
Nest ~ 0-15 = 59.2 , . 18.9

h“

‘Wx T 0-15 . 43.3.  28.2

149.3 - 25.5

2.

3.

7

0
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Table 6. At site 2, the content of urea-N, NH4-N and NOB-N
(kg/ha), in January, in the top 30 cm of—soi]. Urea

applied at a rate of 56 kg N/ha.

© ©® o o o o

A S
Time of
apptil o
cation Treatment  Depth  NH4-N NO3-N Urea-N
| (cm) ¢ |
. | | !
7-10 Oct .- Control . 0-15° 11.7 - 17.7 0.
o | 15-30 34 6T 0
. Mix 0-15.  28.1 38.7 0.
) _ © 15-30 - 6.1 8.4 0
Nest 0-15 58.5 16.6 0.
- 15-30 5.6 6.3 0.
3-6 Nov. Mix - 0-15 - 38.7 - 18.1 11.4
| 15-30 . 8.8 - 8.3 0.0
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Table 7. At site 2, the content of urea-N, NH4-N and NO3-N ’
(kg/ha), in Maréh, in the top 120 cm of soil. Urea v

: ahplied’ag a rate of 56 kg/ha. l ;‘j
Time of ¢
4app1i- ‘ =
cation . Treatment  Depth . NH4-N NO3-N  Urea-N.
| o lem) -
;<10vOct. Control . 0-15 ~  15.2 232 o
| ljé-éo._ 1T 10:7 0.0
L 30-60 3.3 8.1 ‘
| | 60-90 3.9 1308
ST s-1200 a7 3.2
Mix ' 015 2408 L s2.9 g0
‘*{i;;;\ o 1530 75 ;’}" 20.7 0.0
. 30-60 ©  10.9 T 0.7
60-30 4.0 .38
904120 5.2 0.8 .
Nest . 0-15 . 65.9 22,9 0.0
o | 1530 9.7 1. 0.0
3060 2.6 47 o
 $0;9v“; R0 3.7 |
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ch.

& _Hl

Mix

"Band

wy

42.

51.

A O w o~

(o)) H -O® D

M O ©® o ® NN ®

—

w o N

43.8

19.8

113

0.0
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Table 8. At site 2, the’ content of urea-N, NHA-N and NO3-N
(Kg/ha).gfn Apr1l _1n the top- 120 cm of so1l Urea
app11ed at a rate of 56 kg 'N/ha.

—
Time of
.appfi; L }
cation Treatmenf‘ | Depthl NH4-N o NO3-N Urea-N
| o (cm) | | | o
L
- 7-10, Oct. anﬁfél 015 10.4 12.7 0.0
R C o im0 a2 5.1 |
R 30-60 2.1 0.8
6090 - 2.5 0.2
o ©90-120 2.3 0.0
Mix - 015 g8 '36.1.. 0.0
- 15-30 5.9 ) 0.0’
" 30-60 - -3.1 1.3 .
60-90 4.1 0.3
% g0-120 3.0 0.0 -
Nest ‘-'~ _0415 | 246 38.3 0.0"
o  15-30 6.3 43 0.0
o 30-60 . 3.4 2.3 -
. 60-90 4.5 0,4



22-25 Mix
Oct.

'ABand

~ 3-6 Nov: Mix

90-120 3.

0-15" 15,

52,

© o o o

27,

‘o o NN

50.

o o o-om

© ® Oo.o ® o o & 0

© © ® ® n -
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Table 9. At site.3, the content of ureéa-N, NH4-N and NO3-N
(Kg/ha);'in~November)‘in the top 15 cm of soil.
o R f | |
Urea applied at a rate of 56 kg N/ha.

o

. Time of
| . a’pp]—i_ .. " - j '. ) », ! . . . . s _' - | | |
© cation’ . Treatment Depth __ —NH4-N  °~ NO3-N - Urea-N .

?}Cm)

%)

7{10'0ct. Control_ ‘0-15 _ r'; : "v8}9: - ;,25_0_ ' _'Ho_o
Nest. 0-15°  ° 63.3 .22.6 - 4.1
22-25  Mix 0-15.. . 38.4. 386 0.0

B

Mix . - 0-15  25.1 . 50.7 - 1.3

‘Band.  0-15°°  41:2  32.3 . 6.8



/
o S | | o {_
. . Table 10..Af~site 3, the content‘of‘urea*N[,NH4?N‘énd NO3-N
- e (Kg/ha), jn’January,'fh the‘fop'BO cm éf soil.’
f-Urea abp]ied'at a rate of 56 kg N/ha.

A

"Time of
~appli- - g \ "Wl. |
cation.j_'Treatmént. f Depth  NH4-N NOB%N-':-Urea-N

e ?cm)

7-10 oct,}éoptro1- C0-15 124 31,
SR ui!"‘<_ 15-30 12,4 s,
S mix o5 a6,
T e300 1.5 11

Nest | 015 70,37 ap

o 1530 . 1.9 3.

‘OO

oo O & o o

NN TN © ‘ '
o o o o

22225, -Band . 0-15  5{.1 480 - 1.0
Cooet. ot o
| \' . o 15-30% - 44 81 0.0

015 421 415 6.9

1. 3-8 NOv. Mix ‘ |
o . 15-30 5.7 . 18.1 0.0 "
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Table 11. At site 3, the content of urea-N, NH4-N and NO3-N
(Kg/ha){ in March, in the top 120 cm of soil. Urea
applied at a rate of 56 Kg N/ha. a
Time of'  i
app1i- s R
cation Treatment  Depth NH4-N - NO3-N . Urea-N
| - (cm) h o
. (
7-10 ogt;_Contro1',' 0-15 - 20.1 35.4 0.0
R 15-30 16.2 12.9 0.0
30-60 . 10.7. 6.9 |
. §0-90 - - 6.7 5.4
1 90-120 4.8 5.7 .
CMix 0715 302 72.6 0.0
1530 - 12.6 18.0 0.0
- 3060 6.6 - 5.4 |
.60-90 5.4 6.2
o 90-120 1.9 6.7
Nest S 0-15. 688, 41.0 - 0.2 -
| ©15-30 1.5 0.8 0.0
. 30-60. 2.2 7.8 -
<
7T 5



90-120 3.8 1.9
22-25  Mix 0-15 36.9 66.3 0.0
Oct.  <F S
15-30 12.2 14.7 0.0
= 30-60 18. 1 4.7
60-90 5.4 6.7
90-120 3.8 1.0
3-6 Nov. ~Mix 0-15 48.4 58.8 0.8
" 15-30 13.1 18.4 - 0.0
- 30-60 12.4 6.9
§ 60-90 7.8 4.5
. 90-120 2.9 0.0
-r“ ‘_ ] .
e
Doveag
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Table 12.° At s1te 3,

f..?.

120

the content of urea-N, NH4 -N and N03 N

\ (kg/ha), in May. in the top 120 cm of so11 Urea

appl1ed at a rate of 56 Kg N/ha.

\Time of '; L
wplic - o
‘cation  Treatment  Depth - NHA=N NO3-N - Urea-N
| (ém)i
7-10 Oct. Control 14.8 20.0 0.0
11.0 9.8 0.0
7.4 4.2
. 6.7 1.8
8.1 19
Mix 1.0 30.9 0.0
9.2 19.8 -~ 0.0
4.4 16.6"
7. 3.6
;‘ “s.7 8.6
L Nest 19.6 52.7 0.0
- | - 12.2 10.7 0.0
{ggé’ g. 7.9
o 6.7 9.8



121

7 90~ 120 5.3 5.1
. 22-25 - Mix’ 0-15 13.8 67.4 0.0
Oct.. : |
: 1530 7.3 1.2 0.0
30-60 7.4 3.1
60-90 5.4 4.1
90-120 3.4 5.3
. Band 0-15 14.2 60.6 0.0
¢ 15-30 10.0 7.3 0.0
- '30-60 105 4.4
N sofgo\\ 4.5 6.2 :
| 90<120 - 5.7 7.6
3-6 Nov  Mix 0<15 - 8.9 90.3 0.0
| g 415-30 4.6 “4.7 0.0
| ' 30-80 5.7 - 8.3
| 60-90 /) 1.8 3.6 N
90-120 3.2 5.2
|
- )
SN
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